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elelitor :-- 


up-to-date electronics for lab and leisure x20 


_ LCD thermometer 
short wave band shifting 
ultrasonic yardstick 
active antenna 

| electrolytics run dry 


MEMORIES 
2101-4 
2102-2L 
21078 
2111-4 
2nz 
2014 
2141-2 
4027 
4116-2 
4118 
4164 
4B16AP-3 
S101L 
6116P-3 
6116LP-3 
6514 
6810 


PROMS 
71301 
748188 
748201 
748287 
748387 
748470 
748471 
748571 
748873 
828123, 
828137 
93427 
93436 
93446 

93448, 

BAUD RATE 
GENERATOR 
coma16 
Mmci4411 


LINEAR 1.Cs. 


AY1-0212 
AY1-5050 
AY3-8910 
AY3-8912 
AYS-12240, 
‘AY5-40070 
CA3019 
CA3046 
CA3038 
CA30B0E 
CA3086 
CA3089E 
CA3090A0 
CA3130E 
CA3140E 
CA3160E 
CA3I61E 
CA3162E 
CA3189E 
0AC1408-8 
HA1388 
ICL7106 
ICLe038 
LF13331 
F351 
LF356P 
LM10c 
LM3014, 
LM310 
(M311 
M318, 
M319 
M324 
339 
348 
LmaseP 
um377 
M380 
LUM3B1AN 
mage 
t3e7 
M389 
M393 
M394 
M709 
LM710 
um711 
M733 
LM741 
M747 
LM748 
Lm1e86 
1889 
2917 
LiM3900 
M3909 
3911 
Um3914 
M3915 
M3916 
LM13600 
3712 
Mci310P 
Mc1458 
Mc1495L 


CPU's 
1802C 
2650A 
6502 
6800 
6802 
6809 
INS8060 
80808 
8085A 
8088, 
780 


EPROMS 
2516 
2708 
2716 
2532 
2732 
2716 300nS 
2732 300nS 


INTERFACE ICS 
AD558 —_775p 
AD561J 1400p 
M8123 
OMa131 
P8304 
0se835 
se836 
0s8838 
Mc1488 
Mciag9 
MC3446 
25810, 
3242 
3245 
58174 
75107 
75110 
75160 
75154 
75182 
75324 
75361 
75363 
75365 
75451/2 
75491/2 
8726 
8728 
8795 
897 
BiLs95 
BILS96 
81LS97 
BiLS98 
9601 


74LS273 
74LS279 
74L$283 
74L$293 
74L$293 
74L$323 
7aL$324 
74L$348 
74L$352 
74.8353 
74.363 
74L$364 
74L$365 
74L$367 
74.8368 
74t$373 
74L$374 
74.8375 
74377 
74LS378 
74L$390 
74.8393 
74LS399 
74LS445 
74LS840 
74LS841 
74LS640 
74LS641 
74LS642 
74LS643 
74LS644 
74LS668 
7ALS669 
74LS670 


CRYSTALS 
100KH2 
200KHz 
MHz 
1.008MHz 
1,843MHz 
2.0MHz 
2.457MHz 
3.276MHz 
3.57945MHz 
4.0MHz 
4.19MHz 
4.43MHz 
6.0MHz 
7.0MHz 
8.0MHz 
8.867MHz 
10.7MHz 
15.0MHz 
18MHz 
26.690MHz 
27.145MHz 


40107 
40108 
40109 
40110 
40114 
4502 
4503 
4507 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4821 
4526 
4527 
4528 
4532 
4534 
4536 
4538 
4543 
4583 
4555 
4556 
4560 
4566 
4568 
4569 
4872 
4583 
4584 
4585 
4724 
40014 
40085 
40097 
44411 
14412 
14433, 
14495, 
14500 
14599 
022100 
022101 
022102 


700p 
1200p 
400p 
300p 
350 
850p 
1100p 
280p 
450p 
£19 
320p 
280A 360p 
2808 £16 


‘SUPPORT DEVICES 
3242 800p 
6522 350p 
6532 600p 
6551 650p 
6821 120p 
6850 140p 
6852 370p 
8205, 220p 
8212 120p 
8216 100p 
8224 200p 
8228 250p 
8251 320p 
8253 450p 
8255 300p 
8257 500p 
8259 500p 
8279 5850p 
Ze0P10—-280p. 
Z80AP10 —-300p 
ZB0cTC —-280p 
280810 1/2/3 £9 


600p MC1496 
140p MC3340P 
4850p MC3401 
6650p MC3403 
240p MK50398 
520p ML920 
‘80p MM57160 
70p NES31 
225p NESSS 
Tap NESS 
48p NES64 
225p NES6S 
375p NES66 
‘90p NES67 
50p NES71 
100p NE5S34A 
190p RC4136 
450p RC4151 
300p S568 260 
200p SAA1900 £16 
270p SAD1024A 1250p 
850p SFF96364 —800p 
300p SL490 3560p 
310p SN76477—-175p 
48p SPB515 

95p TA7205, 
425p TAASSO 

27p TAAG21 

120p TBAG41B 

75p TBAGS1 
200p TBA80O 
225p TBAB10 

45p TBAB20 

65p TBAISO 

75p TC9109 

75p TCA210 

175p TCA220 

75p TCAS40 

180p TOA1004A, 

95p TDA1008 

120p TOA1010 

95p TOAI022 

100p TOA1024 

350p TOA10348 

36p TOA1170 

50p TOA2002V 

7p TOA2020 

100p TOA2541 

18p TLO71/81 

70p TLO72/82 

36p TLO74 
700p TLOB4 
3860p TLO94 
200p TL170 

‘85p UAAI70 

‘95p ULN2003 

130p XR2206 

210p ZN414 

225p ZN419C 

225p ZNA24E 

125p ZNA25E8 

200p ZN426E 

160p ZN427E8 

40p ZN1034E 

2350p ZN1040E 


70p 
120p 


0p 
750p 
800p 
620p 
150p 

18p 

60p 
420p 
130 
1585p 
140 
425p 
250p 

70p 
200p 


UARTS 
AY-3-1015D 
AY-5-1013A, 
Im6402 
TR1602 
com 8017 


CHARACTER GEN. 
RO-3-2513U.C, 700p | 
RO-3-25131.C. 700p. 
748262N 500p, 


CRT CONTROLLER 
com 5037 
Mc6B45 

cea? 
‘SFF96364 

9365 

‘TMS9927 


MODULATORS 


6MHz UHF 350p 
@MHz UHF 450p 


TALS SERIES 


74LS00 
7aLso2 
74LS03 
74LS04 
74LS05 
74.808 
74LS09 
74L$10 
7ats11 
7aLS12 
74.813 
7aLs14 
74L$15 
74L$20 
7aLs21 
74.27 
74L$30 
7aLs32 
74L$33 
74LS37 
74LS38 
74LS42 
74LS47 
74881 
74.885 
74LS73 
7aLs74 
7ALS75 
74.S76 
74.$83 
74.85 
74.86 
74.890 
7aLs92 
74LS93 
74LS96 
74.$107 
7AL$109 
7atS112 
74LS113 
74.8114 
74LS122 
74L$123 
74L$124 
748125 
74L$126 
74L$132 
74.$133 
74.8136 
74L$138 
74L$139 
74L$145 
7a.s147 
7aL$148 
7aLS151 
74.8183 
74LS184 
74.8155 
74LS156 
74t$157 
74.8188 
74L$160 
74.8161 
74.8162 
74.8163 
74LS164 
74LS165 
74LS166 
74LS170 
74LS173 
74LS174 
74tS175 
74.181 
74L$190 
7a.S191 
74LS192 
74L$193 
74LS194 
74LS195 
74LS196 
74LS197 
7ALS221 
74LS240 
7aLs2a1 
74LS242 
74.243 
7aLs244 
74L$245 
7a.S247 
7aLS248 
7aL$249 
74L$251 
7A. S253 


‘TELETEXT 
DECODER 
‘SAA5020 
‘SAA5030 
SAA5O41 
‘SAA5050 


KEYBOARD 
ENCODER 
AY-5-2376 
74C 922N 


700p 
500p 


WIRE WRAP SOCKETS BY TEXAS. 
pin 30p 18pin 50p 24pin 
14pin 35p 20pin 6p 28pin 
16pin 40p 22pin 5p 40 pin 


LOW PROFILE DIL SOCKETS BY TEXAS 
Bpin 9p 18pin 16 24 pin 
14pin 10p 20pin 18p 28 pin 


4000 CMOS 16pin 1p 22pin 2p 40 pin 


4000 
4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 VOLTAGE REGULATORS 
4028 Fixed Plastic TO-220 

4029 1A ve ve 
4030 8y 7805 45p 7905 
4031 by 7806 50p 7906 
4033 8v 7808 50p 7908 
4034 127812 Sop 7912 
4035 tv 7815 0p 7916 
4038 18v 7818 0p 7918 
4037 24v 7824 S0p 7924 


4038 100mA+ve T0982 

4039 5v-78L0S. 30p 79L05 
4040 12v_ 78L12 30p 79L12 
4041 16v78L15—-30p 79L15 
oe OTHER REGULATORS 

\M30ak 149) 

4044 (M317T. 200p 
4045 LM323k 500p 
4046 M723 37p 
4047 78GUIC 200p 
4048 78HOS 550p 
4049 78HGKC 600p 
4050 
4051 
4052 
4053 
4054 
4055 
4056 
4059 
4060 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 
4081 
4082 
4086 
4089 
4093 
4094 
4095 
4096 
4097 
4098 
4099 
40100 
40101 
40102 


JUMPER LEADS 
24" Ribbon cable with DIP Headers 

Vapin 16pin 24pin 
SingleEnd 145p 165p  240p 
Double End 210p 230p 3485p 
24" Ribbon cable with sockets 

20pin 26pin 34pin 
Single End 160p 210p 270p. 
Double End 290p 385p — 490p 
24"” Ribbon cable with edge conn. 

20 way 34 way 40 way 
Single End 275p 625p 600p 
24” Cable with 25 way D Connector 
Male 500p Female 540p 

IDC CONNECTORS. 

10 way 20 way 26 way 34 way 40 way 

Header 
Plug 
Recep- 
tacle 
Edge 
Conn, 


EURO CONNECTORS 
Plug 


Socket 
360p 
400p 


OIN 41612 2x 32-way 
angled — 2 x 32-way 
angled 3.x 32-way 
(for 2 x 32 way specify a + bora +c) 
DIN 41617 31-way 2200p 
MIN. D CONNECTORS 
Sway 18way 25way 
MALE 
135p 
230p 
FEMALE 
190p 
240p 


200p 


COUNTERS 37 way 
740925 —550p 
740928 600p 
ICM7216B 2000p 
1CM7217A 850p 
MK50398N 750p 
ZN1040E = 700p. 


TIL&ECL 
mcao24 
4044 
10116 
10231 


solder 
angled 


95p 
160p 


200p 
2265p 


solder 
angled 

hood (top/ 
side entry) 100p-—100p 
37 way Centronix Type conn. 


125p 
1175p 


246p 
310p 


100p 


90p 1580p 200p 240p 270p 
325p 

325p 
70p 


3560p 


90p 165p 200p 240p 270p 


200p 6250p 320p 3860p 560p 
KEYBOARD 
‘SWITCHES 
Sq. Switch 50p 
Digitast 75p 
Mini Digitast 75p 
Specify Colour 


EXPERIMENTOR 
BREADBOARDS 
Exp 300 £5.75 
Exp 325 £3.25 
Exp 350 £3.15 
Exp 600 £5.25 


TRANSISTORS 


8107/8 
BC109/C 
BC140 
BC14) 
BC160 
Bc161 
8C177 
8C178/9 
BC182/L 
BC183/L 
BC184/L 
BCZ12/L 
BC213/L 
BC214/L 
BC327 
8C337 
BC338 
8C477 
8C516/7 
8C547B 
Bc5a8B 
BC5a9C 


DIODES 


BY127 12p 
OAd7 9p 
OA91 9p 
A202 10p 
INS14 4p 
IN4148 4p 
1N4001/2 Sp 
1N4003/4 6p 
IN4006/7 7p 
INS401/3 14p | 6ASOV 
INS404/7 18p | 6A100V 
1920 9p} 6A400V 
10A100V200p 


8C557B 
. BC55BB 
BC5SSC 
BCY70 
BCY71/2 
80131/2 
80135/6 
80139 
80140 
802418 
802428 
BF244B 
BF2568 
BF257/8 
BF259 
8F337 
BFR96 
BFT66 
BFYS0/1 
BFY52 
BFY90 
MJ2501 


16p 
tap 
18p 
18p 
2p 
50p 
0p 
0p 
50p 
Top 
Top 
40p 
70p 
36p 
40p 
30p 
180p 
200p 
30p 
30p 
90p 
225p 


2N2646 
2N2905A 
2N3063 
2N3054 
2N3055 —50p 
2N3442 1140p 
2N3702/3 Tap 
2N3704/5 12p 
2N3773  300p 
2N3819 2p 
2N3820 40p 
2N3866 = 100p 
2N3904/6 18p 
2N4871 0p 
25245 40p 
2N5457/8 40p 
2N5459 —40p 
2N6027  48p 
3N128 120p 
3N140/1 120p 
40673 75p 
40871/2 100p 


MJ2955 _ 90p 
MJ3001_ 225p 
MJE2955 130p 
MJE3056 100p 
MPF102 40p 
MPF103/4 35p 
MPF105 35p 
MPSA12_ 0p 
TIP29A/C Bp 
TIPSOA/C 50p 
TIP31A/C 60p 
TIPS2A/C_75p 
TIP35C — 290p 
TIP36C  340p 
TIPAIA/C 72p 
TIPAZA/C 80p 
TIP2955  90p 
TIP3085 70p 
2N918 _45p 
2N2160  350p 
2N2219A 30p 
2N2222A 30p 


45p 
30p 
30p 
65p 


VALVO HUMIDITY SENSOR 
BL 30 HR COIL 
MINI ORGAN IC SAA1900 


VERO BOARD 
(COPPER CLAD) 
2.5" x 6" 9p 
25" 3.75" B0p 
MICRO BOARD 
Single Eurocard £3.80 
Double Eurocard £5.25 


Vero Wiring Pon £3.40 
Wire Wrapping Tool £4.70 
Veropins (100/pkt) _ 80p. 
Spotfacocutter £1.30 
Pin Insertion Too! £1.80 


78MGT2c 
79GUIC 
79HGKC 
78PO5 
RC4195NB- 
L497 


LOGIC PROBE KIT £12 


ELEKTERMINAL KIT £50 + 70p p&p. 


HOUSEKEEPER 


Full Kit as described in May Elektor 
Sockets for all |.C.’s. 2K Prog EPROM 


£55 +£1p&p 


Power Supply 1:8A 8V 
suitable for the Housekeeper 


£7 + £1.10 p &p 
£86 plus £1 p &p 


BRIDGES 
TA50V 
1A100V 
1A600V 
2A50V 
2A100V 
2Aa00V 
3A200V 
4A100V 
4A450V 


SCRS 

YA50V 70p 
5A400V _50p 
8A 600V 140p 
16A100V200p 
C1060. 45p 
MCR101. 36p 
TiC44 _36p 
2N3525 130p 
2N4444 140p 
2N5060/4 40p 


ZENERS 
2.7V-33V 

400MW 9p 
wip 


JUNIOR COMPUTER KIT 

All Junior Computer Extension Boards available 

JUNIOR COMPUTER BOOK: 1£4 2,3&4£4.50ea 

TV Games Extension boards available. 

ELEKTERMINAL KIT £50 (plus £1 p & p) 

TELETEXT DECODER KIT £85 (plus £1 p & p) 

(Decoding Board and Keyboard Elektor Nov. 81) 

Reprint of Teletext articles £1.25 (plus large SAE) 
PROGRAMMED EPROMS 

2 x 2716 Intelekt Chess 

2716 TV Games 

71301 Elekterminal 

2716 Disco Lights 

82823 Freq. Counter (IC 3C4) 


‘TRIACS 
Plastic 

3A 400V 

6A 400V 

6A 500V 

8A 400V 
BA5O0V 95p. 
12AS00V 105 
16A500V 130p 
7.28000 130p 
112060 50p 
712260 70p 


OPTO-ELECTRONICS 
2N5777 40p ORPEO 
ocp71 250p ORP61 
ORPI2 ‘90p TIL78 
OPTO-ISOLATORS 

1Lo74 4130p TILT 
MCT26 4100p THL112 
MSC2400 —190p TIL116 
LEDS 
0,125" 
TiLg2 
TIL209 Red 
TIL212 Ye 
TIL211 Gr 
TIL216 Red 


DISPLAYS 
3015F 

DL 704 

OL 707 Red 
L707 Gr 
L747 Red 
L747 Gr 
FND357 
FND500 
FND507 
MAN3640 
MANA640 
MAN6610 


0.2" 
55p TIL220 Red 
1p TIL222 Gr 
25p TIL228 Ye 
20p Rectangular 
18p LEDS (R, G, ¥) 


PCB MOUNTING 
DIL RELAYS 

6vDC 100R coil 
SPOT 2A 24v DC 
120vAC «£1.60 
12v DC 400R coil 
SPDT 2A 24v DC 
120vAC £1.60 
12v DC 
270R coil 
SPDT 10A 24v OC 
230vAC £2.25 
12v0C 
200R coil 
DPOT 5A 24v DC 
230vAC £2.25 


200p 

140p NSBS881 
4140p THL311 
14op THL312/3. 
225p TIL321/2 
225p TIL330 
4120p 7750/60 
120p DRIVERS 
120p 9368 
175p 9370 
200p UDN6118 
300p UDN6184 


(p & p/book 70p) 


ea £8 
£8 
£7 
£8 
ea £5 


Junior Computer 

2708 Basic 

2716 Tape Management 
2716 Prog. Management £8 
82523 Interface £5 


£8 
£8 


%* SPECIALOFFER * 
1-24 


7ALS257 
74LS258 
74LS259 
74LS266 


40103 
40104 
40105 
40106 


2141-200 
4116-3 
2716 
2532 


1900p 

‘90 
250p 
400p 


DIL REED RELAYS 
§-10v OC coil 


OSASPOT £2.25 


2716 Housekeeper £8 . , 
PCBs for most Elektor Projects available 


SEE OUR FULL PAGE ADVERT IN THIS ISSUE FOR DETAILS ON 


ACORN ATOM & ZX 81 ACCESSORIES 


TecHNomatic Lrp 


17 BURNLEY ROAD, LONDON NW10 ; 
(2 minutes Dollis Hill tube station, ample street parking) 
Tel. 01-452 1500, 01-450 6597. Telex 922800 


Please add VAT at 15% 
(Export NO VAT) P&P 40p 


RETAIL SHOPS 


15 Burnley Rd., London NW10 
305 Edgware Rd., London W2 


Orders from Government & Educational Institutions welcome 
Special prices for volume enquiries 

SEND SAE FOR DETAILED PRICE LIST. 

Shop hours: Mon-Fri 9.30-5.30 Sat 10.30-4.30, 


GS 


Credit Cards accepted 
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After our crash course in transmission and reception, we introduce another 

type of modulation: DSSC or more commonly known as DSB. 

L.C.D. thermometer .......... yeuinereneteekonat SORE UORC ECA 10-20 

We present a digital circuit, which is inexpensive, accurate, precise, and has 

a very low power consumption. The range of the instrument is such that it 

is suitable for practically any application. 

ultra sonic distance measurement ...... 0606 e eee ee eee eee 10-24 

An electronic method for the measurement of distances, using ultra-sonic 

sound, A very good starting point for experimentation. 

electrolytics run dry ..... cece ee ee eee eee aid atiasana areca 10-28 

The article describes and discusses the merits of the different kinds of elec- 

trolytics, arriving at a surprising conclusion. 

darkroom computer — part 2... 0.0 cee cece eee eee eee 10-30 

A continuation of the first part in the last issue. This article deals with the 

accessories needed to make the computer fully operational. 

short wave band shifting for SSB receivers ..........+4. wae. 10-36 

The article deals with and describes front ends which can be used with any LCD thermometer 

short wave receiver, effectively extending the coverage of the amateur short wave band shifting 
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A straightforward easily constructed infra-red remote control. Construc- 

tion is made easy by using special |Cs produced for the purpose. 

pre-amp for the SSB receiver ....... ee ee waves 10-44 

An additional MOSFET pre-amp not only increasing the sensitivity, and 

improving selectivity, but also extending the AGC range. 

Activeaerial wc wre cere nlane Roo cue pee cc . 10-46 

An active aerial which is short and convenient to tise: whilst enabling good 

reception. What more would D Xers wish. 

transistor and IC data... .... cs ee eee e eee ae essa eave O40 

comprehensive iaiarmation: ona alaction of ‘cmos ICs and transistors. 

very useful aid. 
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BC1078 12/ 80144 198 | MPF102 40 | VNI0KM. 85 | 2N3772 195 | 3N128 12 | 
BC108 10 | 80205. 110 | MPF103/4 30 | VN46AF 78 | 2N3773 210 | 3N140 2 | 
BCI088 = 12] 80245 45] MPFI05 = «30 | vNGBAF 80] 2N3B19. «22 | 40097120 | 
BC108C 12 | BO378 70 | MPF106 40 | VNB8AF 94) 2N3820 38} 40100 215 


POLYESTER CAPACITORS: (Axial Lead) 400V: Inf, 1n5, 2n2, 3n3, 4n7, 6n8, 1p; 10, 15n, 18n, 22n, 12p; 33n, 47n, 68 
16p; 100n, 160n 20p; 220n 30p; 330n 42p; 470n 52p; 680n 6p; IuF 68p; 242, 47 Bp. 
4000V: Inf 17; 1OnF 0p: 19n Op: 220 36p; 33n Ap: 47n, 100n 40p, 


= ie BC109 10 | BD434 MPSA05 = 25 21 i. 
POLYESTER RADIAL LEAD CAPACITORS: 250V; 100, 160, 22n, 270 6p:33n,47n, 68n, 100n 7p; 160n, 2200 10p;330n,470n | cross 12| 80517 | MPSADG 28 | YIKIONe 44 Nowe ge | 4am ae 
13p; 680n 19p; 1y 23p; 115 40p; 2u2 46p. BCIO9C 12 BDGISA gg] MPSAI2. 32 | ZTx109 —12| 2N3%B/4 —18| 40251 +180 
BC117/8 20 BDGIA gg] MPSASS 30 | ZTx212 28 | 2N3906/5 18 | 40311 60 
BC140/42 30] BOY55 180] MPSAS6 3027x300 13) 2N4037 46 | 40313. «+130 
ELECTROLYTIC CAPACITORS (Values in uF 6O0V: 10uF 62p: 47 78p; 63V:0-47. 1.0, 1 BCM43 30] BOYE0 160] MPSA70. 30} 27x301/2 16) 2NA058 —-10| 40315 90 
12p5506p147 429: 68 16100 195;220 2p, p: ; OV: : 0V:6.8 189; 229p: 33 ap 00, | BCIa7/a 8 |BFII6 ‘sg Mesuoa 8 | grxaod” 2g | 2NeooI/2 101 aosle 95 
1000 8p: 2200 8p; 26V: 80p; 2300 6p: 4700 ap; 16V: 25, 40 8p: 47,68, 1008p 126 12p; 220 15 Bciw7B 10 /BEI6y a8) MPSU05 86 | zrx904 17] 2N40G9 "45 40317/20 80 
680 34p; p15 P P. 1 27|Mpsuos 55] zTx314_— 25] 2N4827 ~—80| 40360 60 
cig “itn Bienes elie BAe alae & 
21x45) 3 | 2Ni 40406/; 
TAG-END TYPE: 64V: 4700 245p; 3300 198p; 2200 139p; 60V: 3300 154p; Bcisc 12] BFI79. «= 35] MPSUS6 60] 2Tx341 30] 2N5135/6 20] 40408 75 
2200 110p: 40V: 4706 160p; 26V: 4700 98p; 10,000 320p; 15,000 345p, POTENTIOMETERS: Carbon Track BcIss/4 27 | BFIB 38 0C28/20 170 Zrx800/1 14] 2NSI38 38) 4o4n 285 
Log & Linear Values BFI94/5 — 32] 0C28/36 220) zrx502/3 18] 2N5172 18 aosi2 90 
500. 1K 6 2K (LIN ONLY) Single 20p BCIs9 11) BFI96/7. 12] 0C41/42. 78} ZTxG04 25] 2N5179. 45] 40867130 
TANTALUM BEAD CAPACITORS: 5X0: 2MR single gang 309 BCI = 45] BFI98/9 18] OCa4 75| 21x53) 25] 2N5180 © 45| 40468 85 
| 2, SKA AMI angle gangOP swteh 780 BCIB7A — 10] BF200 30} OC45/70 40} ZTx550 25] 2NSI91 78} 40594 +105 
28p; 16V:2-2, 3.3 16p:4°7, 6:8, SKA-2MN dual annpatareo P BCIesC 10} BF224 a5] 071/72 40] 2N69 =~» 30| -2NSI94 80} 40595110 
220 88p; 10V: 15, 22 26p; 33, 47 35p; SLIDER POTENTIOMETER BCIesC 10 | BF244A 28 | OC 76 0] 2n697 23 2N5305 24] 40603110 
S'2EW Log ond Linea Volues Gorm BCI170, 15] BF244B 29 / OCBI/82 50] 2NG9B_ «40 2N5A57 30] 40636. «175 
: mores te (Sa lea alter Ble, 4] tego Blas, |g 
2-500KP single gang Ip 67/1 / 2N206A 5 V/ 
See ee ee a Ania, || SoM iullevee intetare 1OKE1-S00KR dual gang 110p BCI77/8 16 | BF259 35 | 0¢200/2 50] 2N708 19) 2Ns77? a8 
2,53. 47 68,82 10; 12. 18,22, | capociors 8C179/81 20] F274 = 42 TIP29A” 32] 2NO14/8 32) 2NGO27 32. 
50, 56, 68, 75, 82, 85, } 260V: InF, 1nS, 2n2, 3n3, 4n7, 6n8, PRESET POTENTIOMETERS 
. O-1W800-22M MiniVert& Hone 7 8C182/3 10] BF336 «= 4g] TiP29C_ = 38} 2NoIg~—35| 2NGI09 ~—6D 
TO Ne aa 6 ae a Ser soy dat on, Zan 7p: $80, 270, 8 25Wi00n 23MM Honelorger ap Bciet = 10 BAS) =a] TIP30A_— 35] 2030 © -20/ 2NG290 70 
600, 800% 8209 |’ 2tpeach | 100V: 100%. 120n. Top: 160r 0 25wv 2001 4. 7n4N Vert op BCI © 10 | BF694/5 39| TiP¥oc 37] aNII31/2 24) 250636 250 
¥ 1 peach | 100V: 100n, 120n, 10p; 1600 1p; | _ _OZWAORAIMAVen tp) eres q 
apo eae oan espace (10 Be a Neston) Ue Cie3L_ 10] BFR39/40 23] TIP314 38 2NI303/4 65] 2SAG71 250 
Tea ato Eb on ses DA EhRE ash! Oo) RESISTORS—Histab, miniat BCIBAL = 10] BFRAI/79_ 23 | TIPSIC 37] 2N1305/7 60] 254715 60 
‘ {J BRIBES sR ese BOP. Reon Valuiliga 100% BC186/7 26 | BFREO/81 25] TIP32A 3B] 2N1308.-~—«68 | 2SC495/6 70 
omen atte Yu eI BC212/3 10] BFR98 405] TIP92C 42] 2NI6I3. 30] 2SC106) 250 
3 OSWw2n24M7 E12 2p 1p BC212 © 10] BFX29/e4 28] TIPK3A 65 DNI671B 160] 2SC1099 8B ll 
MYLAR Film CAPACITORS POLYSTYRENE Caps: IW" 202:10M_— £12. 8p 3p BC213L_ 10 | BFX85/86 28] TIPS3C = 78| 2N2160 295] 25C1162 30 
OOV: InF, 20, dn, An7, 10 Gp | FOLvsrys 7 2% Motal Fim 10 IM 8p 4p C214 10] BFxe7/88 28] TIP34A = 74] No219q 28] 28C1172 125 
SNE, 22, 30,40, 47n 72 | inBto lene 14 49% Metal Film 512 1M 8p 6p BC214L = 10] BFYSO/51 23] TIP34C 8B | 2N2220A 26 | 2SC1173. 125 
ees = AaeIaTORS 8, Poa acsore 4) srvse a) tise ze aNocz0n | 23307 10 (gm ) 
rator Commoned 1008 32 2222 1 
CERAMIC Capacitors: 50V iBGind Generator Ic ee pcommonsay 1000) BECt 8C3088 «16 | BFY64 35| TIP36A 130 2Na369q 18] 28c1m9 as | 
Range 1pF 10 0800pF 4p | A 8 Commoned: 1500, 1809, 27018 8C327/8 15] BFY81 120 TIP36C_ 140] 22616 45] 25C1679 190 
JOnF, 180, 22, 33, 47nF Special Booklet for S900) 1K, 2K2, AKT. 10K, 22K, AK: BC337/8 15] BFY90 80] TIPAIA = 50 22846 80 | 25C1678 140 || Une Acceon bere 
1oOnF, 30V 7 220,5V8p | above £1.50 100K 269 BC4aT 34 TiPaiB 62] 2N2904 © 28| 28192350 


Z80DMA 
L355 85 | NESG4 420 | UAAI70 170 | 6845 720 | Z80P10 260 | 7428 25 2 
LINEAR Ics | “&358 95 | NES6SA 120 | UAAIB0 170 6847 860 | Z80AP10 275 | 7430 14] 74170 126 | Lsa9g0 | LS260 22 | 4029 45 | 450635 
S| LF357 110 | NE565 185 | UAA1003:3 935 6850 136 | 280S10-1 950 | 7432 20] 74172 275 | i514] LS261 138 | 4030 15 | 450735 
585 CMOS 80 | LF398 475 | NES67 140 | ULN2003 85 6852 266 | Z80AS10 980 | 7433 22] 74173 60 | tgs 14] LS266 18 | 4031 125 | 4508 130 
702 75) LM10. 325 | NES70 410 | ULN2004 90 6875 500 ->——————J 7437-25 | 74174 84 | Ls65 1g | LS273 68 | 4032 80] 4510 46. 
709C Bpin 95 | LM301A 24 | NEST 400 | ULN2283 100 68000 £69 74C Serle 7438-25] 74176 80 | (S63 120 | 15275 226 | 4033 126 | 4511 46 
70 48, | M307 45 | NeESs34 150 | UPC575 350 | 8080A 260 | 74C244 196 | 7440 15] 74176 40] 1S73 1g] LS279 136 | goss 140] 4512 42 
mm 14 | cM308 95 | OM335, 705 | UPC1025H 375 | 8085A 460 | 74C245 195 | 7041 68] 74177 45 | L574 18] LS280 180 | 4035 45 | 4513 199 
7A7C 14pin 65 | LM311 70 | RC41360 69 | UPC1182 330 B1LS95 a5 | 74C373 240 | 7442-32 | 74178 80 | 1575 20 | S283 40 | 4036275 | 4514 128 
748C 8pin 36 | LM3i8 150 | $5658 225 | UPCIISGH 290 | -81LS96 86 | 74C374 245 | 7443 90] 74179 80] LS76 18] LS29%0 45 | aos? 118] 4515 128 
7538 pin 185 | LM319 218 | SAB3209 425 | UPC1366 195, 81LS97 85 | 74922 420 | 7444 90 7418040) 1578 1g | LS293 40 | 4038 110 | 4516 6B. 
810 169 | L324 30 | SAB3210 326 | XR2206 300 8ILS98 85 [74S Series | 7445 «85 | 74181 116 | LSB3 36 | LS295 180 | 4039 290 | 4517 275 
9400C J) 350 | LM3342z 90 | SAB3271 485 | XR2207 375 8155, 420 | 74500 30 | 7446 © 60. | 74182 GO| Lsa5 4g | LS298 95 | aoa 40 | 4518 «40 
AY-1-1320 226 | LM325 128 | SAB4209 95 | XR2211 575 8123 128 | 34502 32 | 7447 36 | 74184 90 | L586 16 | LS299 270 | 404i 40] 4519-30 
AY. 1-5050_ 99 | LM339 47 | SASS60 180 | XR2216 675 8202 £25 | J4804 32 | 7448 = 40 | 74185 95 | [S90 24 | LS300 175 | 4042 — 40 | 4520-70 
AY1-5051 160 | L348 64 | SA8570 150 | XR2240 120 | 8212 160 | Faso 40 | 74590 16 | 74186 470 | Lsor GO | LS302 176 | 404340] 4521 130 
AY-1-6720 210 | LM349 118 | SG3402 295 | XR2266 360 8214 425 | 54520 40 | 7451 16 | 74188 250 | Lso2 32. | LS320 270 | aoaa —40.| 4522 126 
AY3:1270 730 | L358 60 | L490 350 | ZNai4 80 | 8215:300 00 | 74830 40 | 7493 16 | 74190 48 | Ls93 23 | LS323 160 | ao4s 105 | 4526 60 
AY 38910 375 | LM377 175 | SN76003N 360 | ZN4I9CE 190 8216 70 | 34832 7o | 7454 16 | 74191 46.) LSo5 go | S324 168 | 404s 46 | 4527 80 
AY-3-8912 625 | LM379 480 | SN76013N 350 | ZN423E 138 8224 180 | 74874 75 | 7450 16 | 74192 46 | (S96 95 | LS325 295 | 4oa7 40 | 4528 50 
AY-5.1230 450 | LIM380 78 | SN76018 195 | ZNA24E 130 8226 280 | J4sia2 410 | 7470 «= 30] 74193 45 | Lst07 40 | 18326 240 | aoas 40. | 4529160 
Y-5-1317A 630 | LM381N 145 | SN76023N 350 | ZNA25E-8 345 8228 260 | 945133 60 | 7472 24] 74194 46 | S109 23 | 18327 240 | aoa9 25] 4530 90 
AY-5.1350 388 | L382 115 | SN76033 350 | ZN426E.8 300 82514 300 | pqs jag 425 | 7473 24] 74195 46} LSin2 22 | L347 95 | aso 25. | 4531 130 
AY-5-40070 520 | L384 140 | SN76115N 218 | ZNA27E-8 590 8253 798 | 345439 150 | 7474 = 20 | 74196 46 | LS113 46 | LS348 100 | 4051 45] 4532 50 
Y-5-8100 775 | LM386 90 | SN76131 125 | Z2N428E 410 82560, 298 | 745168 195 | 7475 «32 | 74197 46} LSi14 22 | L352 65 | 4052 60. 4534 455 
CA3ON 130 | L387 120 | SN76227N 95 | ZN429E-8 210 8256 £36 | daSiea, 210 | 7476 = 30 | 74198 84.) 15122 36 | LS353 65 | 4053 BO | 4536 275 
CA3012 175 | L389 95 | SN76477 420 | 2N459 570 8257 800 | F4Sie9° 168 | 7480 40 | 74199 BB (S123 3g | LS362 760 | aos4 85 | 453870 
CA3014 278 | LM393 100 | SIV76488 480 | ZN1034€ 200 8259 395 | 74Sy94 320 | 7481 120 | 74221 4) 1si24q go | LS363 140 | 4055 85 | 4539 90 
CA3018 86 | LM394CH 290 | SIN76560 120 | ZNi040 675 8271 £36 | 545201 350 | 7482 65 | 74246 120) 1125 24 | LS364 140 | 4056 8B | A541 140 
CA3019 80 | LM725CN 328 | SP8629 299 | ZNA2ME 850 8284 360 | 945995 525 | 7483 © 38 | 74247 120) (S126 25 | LS365 28 | 4057 1918 | 4543 70 
CA3020 210 | L733 70 | TA7120 150 81260, 99 | Jagoar 390 | 7484 70 | 74248 120) S132 go | LS366 28 | 4059 436 | 4544150 
CA3023 210 | LM1871 00 | TA7130 160 COMPUTER 8127 150 | 745260 60 | 7485 60] 74249 120] (S133 39 | LS367 28 | 4060 45 | 4548 40 
CA30280, 95 | LM2917 195 | TA7204 200 , 81284, 120 | 54862 50 | 7486 20 | 74251 65) 15136 24 | LS368 40 | 4061 1195 | 4549 375 
CA3035 256 | LM3302 75 | TA7205 90 IC's 8131 360 | 748987 300 | 7489 205 | 74259 150 |. isia8 28 | S373 60 | 4062 995 | 4563 245 
CA3036 270 | LM3900 60 | TA7222 150 | 1702 950 | 8T95N 90 | 545288 210 | 7490 20} 74265 85 |’ Lsi39 28 | 18374 55 | 4063 BB | 4554 190 
CA3043 275 | LM13909 85 | TA7310 160 | 1802cP 650 | BT97N 90 | 7458289 290 | 7491 35 | 74273 180 | S145 70 | LS375 70 | 4066 © 24 | 4555 35 
CA3045 365 | L391 125 | TAAG2IAX1 295 | 2101-2 160 | 9364AP 850 | 345301 000 | 7492 © 28 | 74276 120) Lsia7 460 | S377 70 | 4067 245 | 4556 35 
CA3046 70 | LM3914 180 | TAAGGIA. 190 | 2112-2 250 | 9602 920 | 745365 ooo | 7493 26 | 74278 100) Lsi4g a5 | LS378 60 | 4068 14 | 4557 920 
CA3048 220 | M3915, 200 | TAA700 276 | 21141-3000 80 | AM26LS31C 128 | o4s374 365 | 7494 38 | 74279 80] Lsis1 40 | LS379 65 | 4069 13 | 4568 120 
CA3059 285 | LM3916- 220 | TAA 395 | 21141-2000 80 | AM26LS32A, 125 | 74S470 325 | 7495 35 | 74283 60 | Lsis3 40 | LS384 395 | 4070 13. | 4589 395 
CA3075 213 | LM13600 110 | TAA9GO 00 | 2147-3 425 | AY-3-1015 300 | 94471 620 | 7496 40 | 74284 199 | {S154 go | LS385 260 | 4071 13} 4560 160 
CA30808 70 | $7220 280 | TAD100 159 | 2532-450n 350 | AY-5-1013 300 | 948472 1160 | 7497 90 | 7428 199} Lsi65 30 | L390 46 | 4072 13 | 4561 104 
CA3081 190 | M252AA 626 | TBAI20S 70 | 2564 £12 | AY-5-1350 388 | 945475 a25 | 74100 80} 74290 105 | Lsis6 36 | LS393 42 | 4073 15] 4562 495 
CA3086 48] M253AA 1150 | TBAS40 276 | 2708 226 | AY-5-2376 600 | 348571 620 | 74104 60 | 74293 126 | Lsis7 30 | LS395 95 | 4075 13 | 4565 165 
CA3089E 216 | M515131. 230 | TBASSOO 330 | 2716-5V 215 | AY-5-3600 750 |__| 74105 55 | 74297 236) 1sis8 39 | LS399 175 | 4076 50 | 4568 260 
CA3090AQ 375 | M515151 320 | TBAGAI.AI2 2732-450 360 | COM8017 275 75 Series 74107 20 | 74298 100 | Ls160 37 | LS445 100 | 4077 13. | 4569 176 
CA3123 180 | mB3712 220 | BX1 290 | 2764 £11 | COMBII6 700 | 75107/8 96 | 74109 26 | 74351 198 | Lsi61 37 | LS471. 620 | 4078 15 | 4572 36 
CA3130 90 | MB3756 440 | TBAGS! 190 | 3242 690 | 0M8131 275 | 75110 90 | 74110 35 | 74365 85] Lsig2 37 | LS490 200 | 4081 13} 4580 460 
CA3140 40 | MC1303 88 | TBASOO 80 | 4027 190 | DP83048N 250 | 75150 426 | 74111 65 | 74366 86 | L163 37 | LS540 100 | 4og2 13. | 4581 250 
CA3160 95] Mci304e 260 | TBABIOS 95 | 4116-150 80 | OS3691N 320 | 75154 125 | 74112 170 | 74367 85 | LSi64 43 | LS541 80 | 408s 50 | 458299 
CASIBIE 160 | MC1310P 150 | TBAG20 80 | 4116-200 75 | DS88LS120N 276 | 75182/3 99 | 74116 60 | 74368 55} 1S165 go | LSGAO 180 | 4086 60 | 4583 99 
CA3I62E 450 | MC1445, 250 | TBA9200 200 | 4118:250 325 | FO1761 £18 | 75188/9 55 | 74118 60 | 74390 99) [S166 52 | LSG41 180 | 4089 125 | 4884 48 
CA3189. 200 | MC1458 36 | TBA990 360 | 4164.20 480 | FO1771 £18 | 75322 140 | 74119 80 | 74393 99] LS168 ag | LSG4S 180 | 4093 20] 4585 99 
CA3240 110 | MC 1469 300 | TCA270 350 | 4334-3(CMOS 2114)325 | FO1791 £22 | 75450 86 | 74120 60} 74490 120] LS170 70 | LS668 125 | aoa4 70} 4597330 
HAIs36W 240 | MC1494 694 | TCAa4O 175 | 4816-100nS. 225 | FD1793 £23 | 75451/2 52] 74121 25 L173 65 | (S669 120 | 4095 95 | 4598 290 
HA1388 265 | MC1495 350 | TCA965 120 | 4864-364K 490 | FD1795 £28 | 75454 70} 74122 40{ 74S | S174 50 | LS670 160 | 4096 70 | 4509 290 
1CL7106 750 | MC 14961. 70 | TOA1002 00 | 5101 220 | F01797 £28 | 75491/2 65 | 74123 40] Lsoo 11] LS175 40 | 18673850 | 4097 190 | 40097 | 45 
ic7107 975 | MC1596 225] TOAI004 =—-290 | 6116-150nS 390 | 026501 75 |__| 74125 35| soi 11] S181 95 | 4008-75 | 40100 215 
1CL7611 99 | MC 1648 290 | TOA1008 310 | 61161-12005 850 | M6402 380 TTL 7400 74126 35] (S02 11} L183 180 CMOS | 4099 75 | 40101 130 
17660 190 | MC1709G 90] TOAI0I0 198 | 6117-100n 490 | INSBOGON 1050 | 7400 11 | 74128 35 L803 12] LS190 36 | 4000 10 | 4160 95 | 0102 140 
icLsosscc 300 | mc3302 90] TOAI22 499 | 6s02CcPU 325 | INSBIS4N £10 | 7401 44 | 74132 28] soa 12] Ls191 36 | 4001 10 | 416199} 40103 175 
icg2it 350 | mc3340p 120] TOAI024 ~—420 | 6503 600 | mc1488 85 | 7402 11 | 74136 28] L805 13] LS192 36 | 4002 12 | 4162-99] 4010495 
16M7204 550 | mca360P 120 | TOA1034 380 | 6504-260 650 | MC1489 55 | 7403 12} 74141 66] S08 12] L193 37 | 4006 50 | 4163-99] 40105 115 
1CM7205 1180 | MC3401 65 TOA1490 325 | 6520 115 | MC14ai1 675 | 7404 13 | 74142 175] S09 12] LS194 33 | 4007 14. | 417499} 4010675 
1CM7207 475 | MC3403 75| TOA2002 325 | 6521 115 | MCr4a12 775 | 74L.04 85 | 74143 210] LS10 13] LS195 33 | 4008 32 | 4175 105] 40107 60 
1CM7215 1050 | MC3405 150 | TOA2004 495 | 65221 300 | mca4a6 250 | 7405 18 | 7144 210] (S11. 13] LS196 6B | 4009 24 | 4194 105 | 40108 450 
ICM7216A 1950 | MC3423P 80] TDA2006 300 | 6530 RRIOT £11 | Mc3aa7P 315 | 7406 20} 7145 “60 | L812 12] (S197 48 | 4010 24 | 4408 © 790| 40109 100 
1CM72168 1950 | MFCé040 75| TOA2020 320 | 6532 RIOT 570 | MK3886-2M €7 | 7407 20 | 7147 90 | LS13 20] LS200 275 | 4011 10 | 4409 790] 40110 300 
Iem72i6C 1950 | MKS0398 635] TDA2030 «295 | 6545 CRTC 899 | M5200 695 | 7408 14 | 74148 70] S14 30] Ls202 275 | 4oi2 16 | 4410-725} 40114 240 
icm7217A 790 | M924 275 | TOBO791 420 | 6551 ACIA 650 | mMisei74 695 | 7409 14 | 74190 50] S15 13] LS221 “66 | 4013 20 | 4411 690 | 40163 50 
IcM7224 785 | M5303 635 | TLOGICP 40 | 6592PC £20 | MM74c922 420 | 7410 14] 74151 40] Ls20 13] Ls240 55 | 4014 46 | 4412-790} 4017445 
icm7240 = 300. | M5307 1275 | TLOG2CP 60 | 6800 275 | RO-3-2513L 700 | 7411 36 | 74153 40] S21 12] LS241 55 | 4015 40 | 4415 480 | 40193 95 
ICM 7555 80 | mms387A 475 | TLOBACN 98 | 6802 335 | RO-3.25130 600 | 7412 18 | 74154 65] L212] LS242 $5 | 4016 20 | 4419-280 | 45106 ' 595 
ICM7556 150 | msmss26 820 | TLo71CP 24| 6803 850 | SFF96364E 800 | 7413 18 | 741595 40] 1826 14] Ls243 55 | 4017 32 | 4422 70} 40244 195 
LA3360 250 | NESIS 275 | TLo72cP 45 | 6804 160 | TMS27163 725 | 7414 20 | 74155 40] ts27 12] ts244 60 | 4018 45 | 4433 770 | 40245 195 
Laaosie 340 | NE529 225| TLO7aCN 100 | 6805 670 | TMS6011 365 | 7416 20 | 74157 30 | L828 14] LS245 70 | 4019 25 | 4435 860 | 40373 240 
LAdos2 295 | NES31 440 | TLogice 24| 6808 520 | ULN2003 90 | 7417 20 | 74159 80 | L830 12] LS247 60 | 4020 42 | 4440 999 | 40378 245 
LAaa00 440 | NESA3 225 | TLoa2cP 45 | 6809 820 | UPD7002 440 | 7420 1 | 74160 60] LS32_ 13] S248 55 | 4021 40 | 4450 350 
te7120 300 | NESA4 210) TLoBacP 75| 6810 118 | ZB0cPU2.5 299 | 7421 20] 74161 48] (S33 14] LS249 65 | 4022 40 | 4451 350 
7130, 340 | NESS 16 | TLosace 90] 6820 118 | Z80AcPUaM 360 | 7422 20 | 74162 48] S37 14] S251 32 | 4023 13 | 4490 350 
ve737 395 | NESS6DB 45} TLOSICP 55] 6821 145 | Ze0cTC 265 | 7423 20 | 70163 48] LS38 15] tS253 32 | 4024 32 | 4500 675 
F347 150 | NES6O 325 | T1170 50 68821 00| Z280AcTC 290 | 7425 24 | 74164 48] LS40 13] L825? 36 | 4025 13 | 4501-28 
F351 48 | NES6 395 | UAz240 120} 6840 395) Z80DART 495 | 7426 28| 74165 48] S42 28] S258 35 | 4026 80 | 4502 60 
F353 NES628 UATB540 Z80ADART 7427 48 


advertisement elektor october 1982 — 10-05 
SPREAKERS OPTO ELECTRONICS § [0°5" LIQUID DIL SOCKETS ae 
a O3W 2", 2:25"; 2.5'] LEOS spclcion Clips CRYSTAL SPECIAL Low Wire WATFORD Ss 
a 80p TIL209Red 3mm 11 | DISPLAYS roti wi i i 
0.3w; 2.5"; 4092; 649 or "| TiL2iiGreen3mm 14. | 3% digit 495 dont ay ae Ultimate Monitor IC. 
B00 By TIL2 Yellow 14 Jado 530 OFFER 1apin, 0p, 38 
-——4 riL2202" 1 i i i 
RIODES Se eet a at Lee S40 wen 388 $38 | AK Monitor Chip specially designed to produce the 
Rais 15| prince Rectangular LEDSs with BPX25 195 20 pin 2p 60p | best from your: Superboard Series | & II]. Enhanced 
wai) 20) Recririens | ‘wopartclpR GBY | 28 BPW21 285 2pn —35p —79P | Superboard & UK101. As reviewed by Dr. A. A 
Baten 48 | (lestic cose) | Tepgnauer Stackable ag tt % At 25+ |35P 385 ane | Berk in Practical Electronics, June 1981 
1A/5S0V 18. 1074 99 pin ip 80p f . 
BAXI3, 201 Sayiooy 20 ngularLEOSREG 18 |La74 185 | 2114L-2 80p 75p | 40 p 30p 9p | pai ' 
BYI00 24 | Favagoy 3p | 92" Flashing LEORed 85 TILIA 75 | 9532 3650p 330p Price only £12.00 + 50p p&p 
BY 126 12| tayeoov 34 Br colour LEDs LN? 90 ZIP DIL SOCKET = 
Brian 12 | $A/800V 34) Red/Green 65 Ocen 120 | 2716 215p —199p | 24way s75p 
CRO’s 250] FA/S5yy ay | Green’ Yellow 80 ORPI2 78 | 2732 350p — 330p | 8 wv 850p | IOC CONNECTORS (Speed block type! 
Sag, 40| 2araoov 48192) Treolour LEDs 4 ORP AI 85 | 4116 5p Jop |" 975 Unshrouded 
BR reen/ Yeliow 
aig lian g[iereintge, MS” alate t200 22> el pa rumtseeny,| eh, 
Saat 20 | CAMOOV 96) FTZointonedtemt) $2 opro swircn | 6116-150ns 390p 3860p |f" Ee, Sp BIL SME Age) Rosters? SHR nama 
rd 5 1oA/200v 21s | StH205(detecton ME Reflective 6520/21 115p 105p uF A2p 100 | 2» Sway 90p 99p 85p 60p 65p 
Sesh son 288 | Te See to, «te ee | 6 UR 
OA85 8 | 25a /600v 395 | TLS), 82 AS ‘186 | 6820/6821 115p 105p 2x13way 1756p — 200p 1150p 95p 110p 
OA202 8 | BY164 56 | 7 Seament Displ 1 EPSON MX80T RIBBON CABLE 2\7way 205p — 236p 169p 0p 135p 
pam 8) vis 60 | 7 Segment Displays | (ALUM. BOXES | Printer £249 (price per foot) | 2x20way 220p — 250p»190p 125p 150p 
eked H Dean ue BazNaNDS es were Gry poe 2% 25way 236p 270p 200p 150p 175p 
1Na001/2, 5 017043" C.Cth PW ECiaee oe, || ee 2 
ZENERS 4x2% x2 5p 40p 
1N4003 6 “; DL7Q73" C.Anod 99 " 20 
waoo's 6 Ll TA Otanaee A 260 |ex4%5" % Sep sap | EURO CONNECTORS 
awe 4 Bp gach |B Grcun cA. aol eae EPSON PRINTERS ep Sic angle St Angle 
insanr 15. | Rane V3 10) L1.3"RedorGreen 150 lexaxt) @ MX80Ti0" tractor Feed, 99 matrix. | 60 78p —118p | OIN4IG17. 31 way q70p" ~ 175p 
1N5404 16 Yep each | Beraraph YOseg.Red 225 Ig xax2 80 column, 80 CPS, Di-directional, Centro: DINI6I2 ~2*32wayA+B —-2B5p 3925p © 220p--295p 
Woi09 7 Bargraph NSM3914.— «500 |g x 4x nic Interface, Baud Rate 110-9600, DINI6I2 2. 32wayAxC 3002 — 340p 240 3000 
£275 ‘OIN4161. ~RwayA+B+C 360p 385p 260p = —400p 
1844 9] varicars | FERRIC CHLORIDE 1 
18921 9} MVAM2 = 165] 1 Ib bag Anhydrous 
Al 4 +5 *‘p* : Mini: Fe mains Prim 
ALIGN 10 | BAI02 30] 195p + 50p p&p © = MX80FT/3 tractoré Friction feed. Has 'D’ CONNECTORS: Miniature TRANG! FORNIERS imal Pr 729-240 3.0.3 
Eason Reel igeiees, eas eae ees hi-tesolution, bit image graphics. Subscript | Pins 9 15837 | doom OO EAS EE 
BB106 40 hi: lution, ics. Subserip SMA, 15 0-15V 
DALO ETCH RESIST & Superscript, italics & underlining way way way way | ena 
. Peni Spare tip 90p facility plus all the MXBOFT features. PLUGS. Bee ox tvsbaran BVA: 2x 12.0.4; 25.16 
Noise Diodg TRIACS £335 | Solder 80p 110p 160p 240p | 250 220p 
Bs 195 | sa/100v 48 | COPPER CLAD BOARDS Brae Pee ae eae ane | Seana ON: SH eaA: ents 
A) 400. f Single uble " K oh 295) 
SCR's oov Be] Goss sda Sted asreae | @ NEC’S pc-2023-c 100 cps SOCKETS BAVA BV-1SA; VISA; 9V-1.28;. 9V.1 2A, 
Thyristors BA/100V 60 6" x6" 90p Top ‘9p _| DotMatrix Printer £295 | Solder 105p 160p —200p 338p | 12V-1A; 12V-1A; 15:8A, 15:BA, 20V-6A, 20V GA 
ama? | Ry [este bye Se ee vn apcan_azovaenT StSe 
VA-100V 60. | BA/B00V. 11 i P x Re 3 
4 COVERS 2+ 16V-1,5A, 2» 20V 1.2A; 2+ 26V 2A, 2+ 30V 
5 a V2A/100V 78 SS y 
Sy a bavaooy 92| VEROBOARDS 0.1" ° VOBoord 190 | ANTEX Buy with pi Bey: oR, 1008 19P] OBA 465 (609 psp) 
AyeoOv 48. | 1DA/B00V 138 Clad Plain DIP Board 374 | Solderi Plug 385p; Socket 450, JOOVA: 2+ 12V-4A; 2» I6V.3A; 2+ 20.2.5, 
BA/300V 60 | 16A/100V 103] 24 x3)" BO Yero Sto iar ering e Arahanal 2» 30V 1.54, 2eAOV IBA: | 2 SOV 
BA/EOOV 95 | YBA/400V. 105 | 2% * 5 ip = joard rons 1A Op (G0p pip) 
12A/100V 78 | 16A/B00V 220] 3% x3K" MIP cisw Fuge 
12A/400V 95 | 25a/400v 185/3% x5" 105p 87P PROTO-DECs exw an 24 way EDGE CONNECTORS |" jUnpER LEADS Ribbon Cable Assembly 
wav | eat, ei te Uomo aN a deen ae lang 
i 2541 Mx 8 x a id ng 
BTI0G 180 | 25A/1000V 460 | Prot ieOping Gop Eurobreadboerd B20.| poe Just phone sowoy | Zr isvey = Ya5h | Length 14 pin 6p 2A pI 40.9 
C1060 38 | 128000 120 | SpotFaceCutter 135p Bimboard 1 695 | Spare Bits 65 your order Centonics | 2.18 way 180p 145p | 2 145p 1165p 2400p 380p 
Tica4 24 Pin Insertion Tool 178p SuperstipSS2 £13 | Elements 210 Ch. Parallel, | 5,22 way 199p  200p_| Double Ended Leads 
eae a bs lronstands 165 through, we Beop| Scares see, 72 6" 1785p 205p © 300p-465p 
TiC’? 38] soLDERCON | VEROWIRING PEN and Spool Ps eee ht sopra 2. 25way 25p —220p | J. a ow as 
aN fad PINS SpareWite(Spooll76p. Combs pea SIL b. Favor Hey 3 210 ZB Msp aap 
¢ 100 7op | Wire Wrapping Stakes 100 250p | GAS & SMOKE Sockets » Bway 245p — ~ 
2Naaea — 130} 509 325p — DETECTORS. ULTRASONIC on Pca hila cad ID HEADER SOCKET Jumper Leads 24” 
20- 65 2= 40 way 3165 
ASTE TGSB12 & TRANSDUCERS hway 66p | O70 e 2pin 26pin 3Apin 40 pin 
‘C UHF MODULATORS: 243 way 395p 
ae ct ER te |G | Pec zr ee om ae ae 
ST2 26 iver: ir 4 
COMPUTER CORNER VOLTAGE REGULATORS Sycakne® 100 ZX81 16K RAM PACK 
WOKHe 235 7 
© EPSON Mx Series Printers. Full range available. See} 1A 103 five five Pookie 288 watford 6 its RAM pack for 2X81. 
box above for details. yaa qaee Te MEE. 275 uy oul aay seated 2x81 
f . . 7 if fe) . 
© SEIKOSHA GP100A -- Unihammer Printer, gives] jgy 718 1505 Gt Maal Bm Ga ee Only £16.99 (50p p&p) 
normal and double width characters as well as dot] 1A 10220 Plastic Casing 1SMHz 420 viens PREP 
resolution graphics 10" Tractor feed. Parallel Inter-| ,5Y 7808 4p 7905 5p: | VEMHz 395 
12V 7812 40p 7912 4p | V8MH2 395 
face standard. Plus 500 Sheets FREE paper £185] isv 7815 405 
5 5 ip 7915 46p | 1-8432M 200 
®@ SOFTY-2. The complete microprocessor development uM foe age ple abo | POMEE ae 
. ts r 2 40p 2:4576M. 200 
system for Engineers & Beginners. New powerful} 100mA 1092 Plastic Casing 2.5MHe 226 BBC MICRO UPGRADE KITS 
instruction, Accepts any 24 pin 5V single rail EPROM.| §y Jaton 30 79.05 6p | oma” 499 [Upgrade your BBC Micro with our upgrade KIT 
rf ‘ ‘ 6v 78.62 Wp 3:2768M 150 
Supplied Ae a ee eore in a black ABS ey yee ae Tete é Berd 2 land save yourself fsss.. . 
» Pric | K 1p Pp 
reaenek eincluding plug-in PSU G Watford'sextended| tev fais Sap 70L18- tp | tow gd |@ 16K MEMORY (8 x 4816-100nS) BBC-1 £18.00 
Sati 309 {@ Printer User I/O Port BBC-2 £8.20 
° 
MENTA New Z80 Development System. Plugs} umso0x 170 LM305H 140 | 4-433619M 100 }@ SK10 with 36” Cable £2.00 
directly into TV & Cassette recorder. 40 Key direct} ‘M304H 160 LM300K 135 | 4.032MHz 290 0 1 
$ 78HOS5V/5A 850 LM317K 350 | 4.60aMHz 200 [{@ +~Complete Printer Cable 36' £13.00 
ASSEMBLER/EDITOR. 24 Bit of 1/0. Ideal for Study.| Janiz12v/5a $80 LMBI7P ae | Cee eo ko with 36” Cabl é 
Microcontrol. Robotics. TV lead & PSU included. TBHG +5 to LM323K 500 | 5:185MH2 300 bse ells a 3.00 
£115] .28v54 599 LM337T 175 | 5.24288 390 |@ Disc Interface Kit BBC-3 £41.00 
T9HG-2,25V to M723 35 | GOMH: 140 l@ Anal I BBC-4 
12" MONITOR Green Screen. Attractive Casing;| —2V® 785 Tasso 75 | ByatNine jan /@ Analogue l/ Ot BBC: £678, 
Excallantrasolution £85 GSEIGMH: 200 @ Seriall/O Kit BBC-5 £7.50 
# 7 
sf l@ Expansion Bus Kit BBC-6 a 
© VIDEO MONITOR, 9" fully cased. BEW. Fully guaran- SWITCHES Fa at ici Lith Cobh Lt £6.00 
teed. 15MHz bandwidth. Value for money. £69 Sub apo 4 Mat haa 33 SoMHe. 150 Xa able: a £3.00 
© TEX EPROM ERASER. Eras 1011425 [Canin | nACSORGIOrE 13k 0 ERE Pea ba ar erg er 
15.30 min . es up to Seaa ADPon/on/on 40 4poleon/off 54 Heed) ie @ Printer Cable 36’’ Complete £13.00 
i ; PUSH BUTTOI UB. 9.375MHz 360 |@ Complete range of Cables and Connectors for 
© TEX EPROM ERASER with the Solid-State 30 mi i N  fogate, WoMNe 178 i H 
u a wi ie Solid-State 30 minute Sprinaiioae led OGGLE. 4 eo [10 Cate uss BBC Micro available. (P.S. We can fit them for you). 
lectronic Timer. £43) Momentary 6A Spstaet ea |10-69MHz ~=—-295 | + Send SAE for list. 
© Spare UV lamb bulbs £9] SPOT c/over 99 SPOT c/off 85 )!0-7MHz 180 
: DPOTc/over 145 += SPOT Biased =—105_|10-24MHz 200 
@ 5V/5A PSU Ready built and tested £25 sdINATURE pect eae a asa s ae 
POT c/o 
@MULTIRAIL PSU KIT: Output: +5V/5A; +12V] Non Locking DPOTon/on/on 185 |14°31818M — 170 
$ SLATES th ushtomake 15p OPDTBiased 145 
BV BV; 12V@1A e26| Reheme” se Stee ae lame Be Raealiey ees 
© Attractive Beige/Brown ABS CASE for Superboard/ yom 300 |@ TEAC Single FD-50A uncased £135 
UK 101 or Home Brew £29 18-432M 150 |@ TEAC Single FD-50A casedwith PSU £180 
' 1A 250V SPST 28p 1g ased wi 
© Full ASC11 coded keyboard type '756 £39 (white) 10 260V SPOT * ye cute 38) |@ TEAC Twin FD-50A cased with PSU £335 
© 4x4 matrix keypad (reed switch assembly) £4| ROCKER: With neon lights red when on 100 [2eOMHz 170 |@ TEAC Single FD-50E 80 track cased 
250V OPST 85 foscom 490] With PSU £238 
© C12 COMPUTER Cassettes in Library Cases 40p | ROCKER: (White) 104 250v OPOT 520, [26:69 150 
© STACK-PACK D k including 10x C12 Ci ROTARY: Make. your own Muniway Swich [ZooMH2 325 1@ SIEMENS FDD 100-5 Cased, Head, 
: Kewerelracrane eg ys OM} Shafting Assembly accommodates up to 6 |>7145m 190| | Motors, track zero micro switch & motor 
puter grade Cassettes: SBOP | rat before moko Welers, Si op [27cm 3301 control PCB with read, write & control 
freak before make Wafers, Silver contacts, 1 |g, P 
© 8 Fan fold Paper (500 sheets) (no VAT) £5 | pote/12 way, 2 pole/6 way; 3 pole’ way. 4 |Qeomne 7 i 
Fi pole/3way: 6pole/2way oe OMe vs electronics plus cable £215 
e9% Fan fold paper (500 sheets) (no VAT) £5 Mains OPST Switehtoft a ‘ooome 398. |@ Apple Il Interface Card for above £39 
© Teleprinter Roll (no VAT) £3.50 ROTARY: (Adjustable Stop Type) eee 
1 pole/2 to 12 way; 2 pole/2 to 6 way, 3 pole/ 4 
feos oe ; 2104 way; 4pole/2t03 way 45p 
on most of the above items is extra ROTARY: Mains 250V AC 4 Amp 56p' 
H i (SP: q 
Call in at our shop for demonstration of any of the eee se eeuseeviaer aon 
4 ah el. elex 
above items. Be satisfied before you buy. DIGITAST SWITCHES in various colours 85p. a 
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What is a TUN? 

What is 10 n? 

What is the EPS service? 
What is the TQ service? 
What is a missing link? 


Semiconductor types 

Very often, a large number of 

equivalent semiconductors exist 

with different type numbers. For 
this reason, ‘abbreviated’ type 
numbers are used in Elektor 
wherever possible: 

@ ‘741’ stand for 4A741, 
LM741,MC1741, MIC741, 
RM741, SN72741, etc. 

@ ‘TUP’ or ‘TUN’ (Transistor, 
Universal, PNP or NPN respect- 
ively) stand for any low fre- 
quency silicon transistor that 
meets the following specifi- 
cations: 


UCEO, max | 20V 

C, max 100 mA 
hfe, min 100 

tot, max 100 mw 
T,min 100 MHz 


Some ‘TUN’s are: BC107, BC108 
and BC109 families; 2N3856A, 
2N3859, 2N3860, 2N3904, 
2N3947, 2N4124, Some ‘TUP’s 
are: BC177 and BC 178 families; 
BC179 family with the possible 
exeption of BC 159 and BC 179; 
2N2412, 2N3251, 2N3906, 
2N4126, 2N4291, 


@ ‘DUS’ or ‘DUG’ (Diode Univer- 
sal, Silicon or Germanium 
respectively) stands for any 
diode that meets the following 
specifications: 


DUS DUG 
UR, max 25V 20V 
F, max 100mA | 35mA 
R, max 1 pA 100 pA 
tot, max | 250mW | 250 mw 
D, max 5 pF 10 pF 


Some ‘DUS’ are: BA127, BA 217, 
BA 218, BA 221, BA 222, BA317, 
BA318, BAX 13, BAY 61, 1N914, 
1N4148, 

Some ‘DUG’s are: OA85, OA91, 
OAQ5, AA 116, 


e ‘BC107B’, ‘BC237B’, ‘BC547B' 
all refer to the same ‘family’ of 
almost identical better-quality 
silicon transistors. In general, 
any other member of the same 
family can be used instead. 


BC107 (-8, -9) families: 

BC107 (-8, -9), BC147 (-8, -9), 
BC207 (-8, -9), BC237 (-8, -9), 
BC317 (-8, -9), BC347 (-8, -9), 
BC547 (-8, -9), BC171 (-2, -3), 
BC182 (-3, -4), BC382 (-3, -4), 
BC437 (-8, -9), BC414 


BC177 (-8, -9) families: 

BC177 (-8, -9), BC157 (-8, -9), 
BC204 (-5, -6), BC307 (-8, -9), 
BC320 (-1, -2), BC350 (-1, -2), 
BC557 (-8, -9), BC251 (-2, -3), 
BC212 (-3, -4), BC512 (-3, -4), 
BC261 (-2, -3), BC416. 

Resistors and capacitor values 
When giving component values, 
decimal points and large numbers 


Lo 


of zeros are avoided wherever 
possible. The decimal point is 
usually replaced by one of the 
following abbreviations: 


A few examples: 

Resistance value 2k7: 2700 Q. 
Resistance value 470: 470 9. 
Capacitance value 4p7: 4,7 pF, or 
0.000 000 0000047F,.. 
Capacitance value 10n: this is the 
international way of writing 
10,000 pF or .01 uF, since 1 n is 
107° farads or 1000 pF. 
Resistors are % Watt 5% carbon 
types, unless otherwise specified, 
The DC working voltage of 
capacitors (other than electro- 
lytics) is normally assumed to be 
at least 60 V. Asa rule of thumb, 
a safe value is usually approxi- 
mately twice the DC-supply 
voltage. 


Test voltages 

The DC test voltages shown are 
measured with a 20 k/V instru- 
ment, unless otherwise specified. 


U, not V 

The international letter symbol 
‘U' for voltage is often used 
instead of the ambiguous ‘V’, 

‘V' is normally reserved for ‘volts’, 
For instance: Up = 10 V, 

not Vp = 10V. 


Mains voltages 

No mains (power line) voltages 
are listed in Elektor circuits, It is 
assumed that our readers know 
what voltage is standard in their 
part of the world! 

Readers in countries that use 

60 Hz should note that Elektor 
circuits are designed for 50 Hz 
operation. This will not normally 
be a problem; however, in cases 
where the mains frequency is used 
for synchronisation some modifi- 
cation may be required. 


Technical services to readers 

© EPS service. Many Elektor 
articles include a lay-out for a 
printed circuit board, Some — but 
not all — of these boards are avail- 
able ready-etched and predrilled. 
The ‘EPS print service list’ in the 
current issue always gives a com- 
plete list of available boards, 

© Technical queries. Members of 
the technical staff are available to 
answer technical queries (relating 
to articles published in Elektor) 
by telephone on Mondays from 
13.30 to 16.15, Letters with 
technical queries should be 
addressed to: Dept. TQ. Please 
enclose a stamped, self addressed 
envelope; readers outside U,K, 
please enclose an IRC instead of 


link. Any important 
modifications to, additions to, 
improvements on or corrections 
in Elektor circuits are generally 
listed under the heading ‘Missing 
Link’ at the earliest opportunity. 
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_ 400 Micro Computer 


MEMORY UPGRADE 
8 x 4816 AP-3 100 nS 
F.D. INTERFACE KIT 


Now available from stock 


BBC Model B £399 (incl. VAT) 

(Carr £8/unit) 

Model A to Model B upgrade kit 
£60.00 


Fitting charge ..... £20.00 


ANALOGUE PORT KIT 
1C73, SK6 
RS423 & VDU Port Kit 


All. mating Connectors with Cables in 
stock, Full range of ACORNSOFT, 
PROGRAM POWER & BUGBYTE SOFT- 
WARE AVAILABLE Phone or send for 
our BBC leaflet 


BBC FLOPPY DISC DRIVES 


Single 5%" Drive £ 200 + £ 3.00 p&p 
Dual 5%" Drive £ 335 + £5.00 p&p 


PRINTER & USER PORT KIT 
1C69, 70, 71, PLO, 10 
Bus & Tube Port Kit 


OFFICIAL BHO DEALER 


NEC PC 8023 BE -C 


100CPS, 80 cols 
Logic Seeking, 
Bidirectional, 
Forward and 
Reverse Line Feed, 
Proportional 
Spacing, Auto 
Underline, Hi-Res 


and Block Graphics, Greek Char. Set. Only £ 340 


+ Carr £ 8.00 


PRINTERS 


SEIKOSHA 
GP 100A 

80 cols 30 CPS 
Single and Double 
Width Char. 

Full Graphics, 
10” wide paper 
Tractor Feed 
Standard 

Friction Optional 
Nowonly £175 
+£6 Carr 


EPSON MX 80 and 100F/T3 


MX80 80CPS 80cols 
MX 100 100CPS 136 cols 


Logic Seeking, 
Bi-directional, Bit Image 
{Printing, 9x9 Matrix 
Auto Underline 


MX80F/T3 £330 
MX 100 F/T3 £430 
(£ 8 Carr/Printer) 


PRINTER ACCESSORIES 
2,000 fanfold papers with perforated 
margin .. £15.00 +£3.50 carriage 


500 fanfold papers with perforated 
margins .. £15.00 +£ 1.00 carriage 


RIBBONS FOR PRINTERS 
GP100A £6.50 EPSON Mx80 £8.00 


AMPHENOL CONNECTORS 


1EEE 24 way 
Centromix 36 way 


NEC Pcso35 6£ 9.00 


MiICRODOCTOR 


This is not a logic 

analyser or an oscillo- 

scope. It tests a micro- 

system and gives a 

printed reprint on 

RAM, ROM and 1/0 —7* ~ 

it will print memory 

map, search for 

code, check 

dataline shorts 

and operates 

peripherals and even disassembles the ROM. 
Microdoctor complete with PSU, printer probe cable and 
two configuration board 


UV ERASERS 


UV1B upto 6 Eproms 

UV 140 up to 14 Eproms 

UV1T with Timer 

UV141 with Timer 

(Carr £ 2/eraser) 

All erasers are fitted with mains switches and safety inter- 
locks. 


MENTA 


A sophisticated Z80 development system and trainer. 
Powerful keyboard assembler and program debugging 
facility. Audible feedback on keyboard input. 

Menta and PSU and TV Lead 


SOFTY II INTELLIGENT PROGRAMMER 


The complete micro processor development system for Engineers and 
Hobbyists, You can develop programs, debug, verify and commit to 
EPROMS or use in host computer by using softy as a romulator, Powerful 
editing facilities permit bytes, blocks of bytes changed, deleted or inserted 
and memory contents can be observed on ordinary TV. 

Accepts most +5 V EPROMS 

Softy Il complete with PSU, TV Lead and Romulator lead .... £169 


RUGBY ATOMIC CLOCK 


This Z80 micro controlled clock/calendar receives coded time data from 
NPL Rugby. The clock never needs to be reset. The facilities include 8 in- 
dependent alarms and for each alarm there is a choice of melody or alter- 
natively these can be used for electrical switching. A separate timer allows 
recording of up to 240 lap times without interrupting the count, Expan- 
sion facilities provided. 

Complete Kit 

Ready Built Unit 

Reprint of ETI articles at £ 1.00 + s.a.e. 


£120 +£2.00carr. 
£145 +£5.00 carr. 


ACORN ATOM 

8K + 2K Built 

12K + 12K Expanded . . 

8K + 5K + Colour Card 

£170 (Carr £ 3/unit) 

Atom Disc Pack £ 299 + £6 Carr 
3A5V Regulated £ 26 + £2 Carr 
Atom PSU £7.00 + 70 p Carr 
Full Range of Atomsoft in stock. 
Phone/Send for our ATOM LIST. 


MONITORS 


BMC BM1401 14’ Colour Monitor 
RGB Input 18 MHz Bandwidth 
400 dots at Centre 25 x 40 Char. 
£ 240 + £ 8.00 Carr. 


SANYO 12" Green Monitor 
Composite Input 18 MHz 
Bandwidth 

£99 +£6.00 Carr. 


SEE OUR INSIDE FRONT COVER PAGE ADVERTISEMENT FOR COMPONENT PRICES 


Trecunomatic Lirp 


AD, LONDON NW10 1ED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
(Tel: 01-452 1500, 01-450 6597. Telex: 922800) 
305 EDGWARE ROAD, LONDON W2 


MAIL ORDERS TO: 17 BURNLEY 


PLEASE ADD 40p p&p & 15% VAT 
(Export: no VAT, p&p at Cost) 
Orders from Government Depts. & Colleges etc. welcome. 


) Detailed Price List on request. 
Stock items are normally by return of post. 
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advertisement 


Rotary Dial, Standard 


TELEPHONES 


Ideal for “house telephone’ project (see ‘’Elektor’’ September 
issue), or as extension telephone. All are ex-’‘telecom’’ and have 
been tested by us to be working and in good condition. 
Grey £6.95 Cream £ 8.95 
Other colours available for callers at our shop. 
ein 


Postage: one phone £2. Each additional phone add 6GOp + 
packing. |.E. 3 phones = £ 3.20. 
Trade enquiries welcome. 


PORTABLE V.C.R. NICADS 


Hitachi nicad pack. Type VTBP60E 12 V 1.2 Ah with powerlead 


ERE, £20each 3 for£50 
a BARRE rs 
shnassuregel yt 5 


Thorn ‘'Videostar’’ nicad pack. Type VA214 12 V 1.8 Ah with 
integral power connectors (also suitable for J.V.C. and other 
equivalent machines) £20each 3 for £50 
Postage + packing: one nicad £ 1 each additional add 50 p. 


Send cheque or P.O. to: 


GEMINI 
ELECTRONIC COMPONENTS 


Dept. K 
48 Deptford Broadway 
Deptford, London, S.E.8 
Phone 01-691-7908 
All prices include V.A.T. 


Callers welcome. 


D.R. & J.G. TAYLOR 


24 Beckenshaw Gardens, Woodmansterne, 
Banstead, Surrey. SM7 3NB 
Tel. 073 73 54474 


PROJECTS 

Talking Board TMS 5100 £ 78.00 
Softy 2 £194.35 
Mini Organ 82020 £ 85.50 
loniser 9283 £ 15.00 
loniser Case £ 8.00 
Humidity Sensor 81567 £ 15.00 
Pest Pester 80130 £ 6.00 
Metal Detector Kit 

(Complete) 82021 £119.60 
Casework only 82021A £ 86.00 
Meter MD1 £ 6.40 
Head Only 82021B £ 28.75 
Head & Pole Set 82021C £ 41.32 


T.V. Games Extended 81143 £ 60.79 
Disco Ceiling Lights 81012 £ 80.90 
Other Elektor kits stocked, write or phone to check availability. 


N.B. Power supplies & Cases not normally supplied with kits. 
All above prices include VAT Postage and Packing. 


ZX Spectrum Program “Specman” £ 4.00 
ZX 81 Programs. "Gobla” £ 3.00 
“Rally” £ 3.00 


For your ZX Spectrum. Amplifier/Speaker 
Standard Mike-Ear outputs, no unplugging £ 14.95 
40p for reprint of Elektor Projects 
35p for 82021 Circuit Modifications only. 
Allow 28 days for delivery. 

Hours of Business Mon. - Frid. 9.30 to 5.30 
Payment with order, cheques and P.O. only to 
D.R. & J.G. Taylor No 2 Business A/C 


TV GAMES 
COMPUTER 
BOOK 


an exciting 
introduction to 
microprocessors 


The first acquaintance with micropro- 
cessors can be rather frightening. You 
are not only confronted with a large and 
complex circuit, but also with a new 
language: ‘bytes’, ‘CPL’, ‘RAM’, ‘periph- 
erals’ and so on, Worse still, the finished 
article is a miniature computer and so 
you have to think up some sufficiently 
challenging things for it to do! This 


book provides a different — and, in many ways, easier — approach, 


games 
Computer 


£5.50 — Overseas £5.75 
ISBN 0-905705-08-4 


The TV games computer is dedicated to one specific task: putting an interesting picture on a TV screen, and modifying it as required in 
the course of a game. Right from the outset, therefore, we know what the system is intended to do. Having built the unit, ‘programs’ can 
be run in from a tape: adventure games, brain teasers, invasion from outer space, car racing, jackpot and so on. This, in itself, makes it 


interesting to build and use the TV games computer. 


There is more, however. When the urge to develop your own games becomes irresistible, this will prove surprisingly easy! This book describes 
all the components parts of the system, in progressively greater detail. It also contains hints on how to write programs, with several ‘general- 
purpose routines’ that can be included in games as required. This information, combined with ‘hands-on experience’ on the actual unit, will 
provide a relatively painless introduction into the fascinating world of microprocessors! 


advertisement 
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services 


readers 


EPS print service 


Many Elektor circuits are accompanied 
by printed circuit designs. Some of these 
designs, but not all, are also available 
as ready-etched and pre-drilled boards, 
which can be ordered from any of our 
offices. A complete list of the available * 
boards is published under the heading 
“EPS print service’ in every issue, Delivery 
time is approximately three weeks. 

It should be noted however that only 
boards which have at some time been 
published in the EPS list are available; the 
fact that a design for a board is published 
in a particular article does not necessarily 
imply that it can be supplied by Elektor. 


cal queries 


Please enclose a stamped, self-addressed 
envelope; readers outside UK please 
enclose an IRC instead of stamps. 

Letters should be addressed to the 
department concerned — TQE (Technical 
Queries). Although we feel that this is an 
essential service to readers, we regret that 
certain restrictions are necessary: 


1. Questions that are not related to 
articles published in Elektor cannot be 
answered, 


2. Questions concerning the connec- 
tion of Elektor designs to other 
units (e.g. existing equipment) can- 
not normally be answered. An 
answer can only be based on a com- 
parison of our design specifications 
with those of the other equipment. 


3. Questions about suppliers for com- 
ponents are usually answered on the 
basis of advertisements, and readers 
can usually check these themselves, 


4. As far as possible, answers will be on 
standard reply forms. 


We trust that our readers will understand the reasons for 
these restrictions. On the one hand we feel that all technical 
queries should be answered as quickly and completely as 
possible; on the other hand this must not lead to ovetloading 
of our technical staff as this could lead to blown fuses and 
reduced quality in future issues. 


bit 
m it INTERNATIONAL 


THE MOST COMPREHENSIVE RANGE OF COMPONENTS, KITS 
AND MODULES IN THE WORLD & THERE’S ONLY ROOM FOR A 
FRACTION HERE, GET THE CATALOGUE AND FIND THE REST. 
2 BAND 2 TUNERHEADS (Varicap Tuning) 
EFS804 
2 MOSFET of stages MOSFET mixer, 

JFET IF preamp, with internally ampli 
fied PIN diode AGC. Tuning voltage 
for 88-108MHz is 2-8V. Buffered LO 

< output. AGC input 
145 x 70 x 24mm. 


Stock No. 1.24 25+ 
40-05804 Bit 24.95 19.65 


7255 The latest complete FM 
tunerhead from RF input to 
stereo output, MOSFET RF 
stages, HA11225 IF and 
KB4437 stereo decoder, 7255 special offer price: 
£30.00 plus VAT 


911225A The 9112254 is the 7230 
Fedited" and shrunk into a screened, 
metal case, 97 x 56 x 24mm, The 
unit is ideally suited to use with 
aynthosised tunor systoms, 
Stock No 1:24 254 
40-91225 Built 20.82 © 16.25 


944378 'Hyperti’ series decoder module 
with the TOKO K84437 pilot cancel 
PLL IC birdy filter and the KB4438 muting stereo 
audio proamp with 26/38kHz pilot tone filtering, 
Stock No. 1:24 26+ 
4004378 Built 19.95 18.05 


DFCM500 Wide range digital froquency/ 
capacitance moter. Frequency ranges; 
0-1MHz, 1-50MHz and 80:500MHz. 8 digit 
LED display, mains or Ni-Cad battery operation 
Stock No. 1.24 25+ 
4001500 Kit 95,95 86.50 
AUTOBRIDGE 
‘An Automatic power tracking VSWR and self 
ranging power meter. Completa Kit: All PCBs, 
board mounted components, meters, case 
{undrilled), transformer etc, 
Stock No: 40-40400 £52.86 + £1.50 P&P 


FET DIP OSCILLATOR 
‘An essential ploce of test equipment for tho RF 
constructor, GOO or WM function covering 1.6 
215MHz in five ranges. Audio and moter 
indication, Kit includes; fibre glass PCB, all com. 
ponents, all hardware, punch, painted and scroan 
printed case, wire etc, for coils and printed scale, 
Stock No 124 26K" 
40-16215, Kit 17.90 16.20 


10,MHz SSB GENERATOR 
PCB, All components, vight-pole crystal 


Prico 


£29.65 


R&EW PROJECT AND DATABRIEF PCBs 
High quality glass fibre printed circuit boards 
for projects and Databriofs published in Radio 
& Electronics World. 


ae Deviation Meter ge 
A106 x 
So TV Pattorn Generator £5.70 
a me1asi51 £2.87 
; 2m Pro-amp £0.97 
2 icBadt7 (Undrilied) £0.60 
faders o.30v PSU £3.02 
2m PA Mk tl : 
(i ULN3859 (Undeilled) £0.84 
ya ff SSB Exciter £3.37 
q UJ HA12017 £2.16 
loo, re Up Converter £4.75 
2m PRE-AMP 


Very compact low-noise MOSFET 2m pre- 
amp, Gain 224B, Noise figure; less than 1.58, 
ip and o/p impedance; 50 ohm size; 34 x 9 

% 15mm, From April ‘82 R&EW, 

Stock No. 
40-14400 


25+ 


Kit 


70cm PRE-AMP. 
Compact low-noise pre-amp. Gain at 433 MHz; 
1348, 1/P and O/P impedance SQohms. Size 
50 x 10 x 17mm, From March '82 R&EW 
Stock No. 1:24 264 
4007000 Kit 3.90 


2m POWER AMP. 
20 watt 144MHz linear power amplifier. 1008 
gain, 2W input — 20W output. Automatic 
switched relay. By-passes power amp in receiver 
mode, Developed from original class C version 
in Dec 81 R&EW, High power output relay. 
Pre-drilled heatsink, optional AX pre-amp, Kit 


REMEMBER — THE LOWEST PRICED NICADS : AA 80p; GC £2.35; Sub D £2.15; D £3.05; PPS £3.70 


only. 
Stock No, 1.24 25+ 

4014421 Loss Preamp = 28.50 25.65 
40-14422 With Preamp = 30.40 27.36 


AND THERE’S PLENTY MORE IN THE CATALOGUE 70p inc. 


RETAIL SHOP OPENING HOURS NOW IN STOCK 
Monday to Thursday 8.30-6.30 MF10 — National's new Dual 
Friday 8.30-8.30 Saturday 9.00-5.30 |iaMmeisaasaae naman 


Price £5.05 
(Access + Barclaycard orders accepted) 
ALL PRICES SHOWN EXCLUDE VAT. P&P 50p per order. 


AMBIT INTERNATIONAL DEPT.ELEKTOR 


200 North Service Road, Brentwood Essex 


TELEPHONE (STD 0277) 230909 TELEX 995194 AMBITG POSTCODE CM\14 4SG 
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BRADLEY MARSHALL LTD 


325 Edgware Road of Edgware Road 
London W2 IBN, SPECIALIST ELECTRONIC COMPONENT 
Tel: 01-723 4242 DISTRIBUTORS 
Photocopies of articles can be obtained from out of NOW AVAILABLE OVER THE COUNTER: LONDON’S SOLE DISTRIBUTOR 7 
print back issues of Elektor. ELECTRONIC MODULES & ASSEMBLIES- # 
a . 7 Less t IT: 
Send details of the name of the article required and CODE —_— DESCRIPTION vat VAT var — (kg) 
j CE 608 Power Amplifier Module £18.26 £ 2.74 £21.00 0.16 
the number of the back issue concerned, Ure auld Be icon. poe Amplifier Module 2130" 320 “A480 0.20 
i CE1008 Power Amplifier Module 30 60 27. 0.21 
and sigh! eee P per cost of article and 2 IpAiels CE 1704 Power Amplifier Module 30.43 4.57 35.00 0.22 
ng. CE1708 Power Amplifier Module 30.43 4.57 5.00 0.22 
postage an Packing CE3004 Power Amplifier Module 42.60 6.40 49.00 0.40 
BD1 Bridge Driver Module 7.13 1.07 8.20 0.06 
TR80 Toroidal Transformer 80 VA 18.00 2.70 20.70 2.00 
a TR150 Toroidal Transformer 150 VA 20.07 3.01 23.08 2.35 
TR 250 Toroidal Transformer 250 VA 25.43 3.81 29.24 3,35 
TR 2500 Toroidal Transformer (low noise) 33.20 4.98 38.18 2.80 
B6 Bridge Rectifier ( 6 amp) 0.99 0.15 1.14 0,02 
B12 Bridge Rectifier (12 amp) 1.80 0.27 2.07 0,03 
4700/40 Reservoir Capacitor and Clip 1,91 0.29 2.20 0,09 
4700/63 Reservoir Capacitor and Clip 2.40 0.36 2.76 0,11 
4300/63 Reservoir Capacitor and Clip 2.60 0.39 2,99 0,11 
CPS 80 Power Supply 22.82 3.42 26.24 2.10 
CPS80D Dual Power Supply 27.63 4.14 31.77 2.25 
J CPS 150 Power Supply 25.86 3.88 29,74 2.50 
CPS150D Dual Power Supply 31.65 475 36.40 2.60 
CPS 250 Power Supply 32,03 4.80 36.83 3.50 
CPS 250D Dual Power Supply. 39.43 5.91 45.34 3.65 
TS70 Thermal Switch 70°C 1,92 0.29 2.21 0.02 
HS 50 50 mm Heatsink 1.60 0.24 184 0.15 
HS 100 100 mm Heatsink 2.60 0.39 2.99 0,30 
HS 150 150 mm Heatsink 3.65 0.55 4.20 0.45 
FM1 Fan Mounted on 2 x HS 100 32.13 482 3695 1.20 
FM2 Fan Mounted on 2 x HS 150 36.10 5.42 4152 1.50 
CPR1IX Pre-Amplifier Module 31.30 4.70 36.00 0,15 
MC2 Moving Coil Pre-Pre-Amplifier Module 20.00 3.00 23.00 0.12 
REG1 Regulated Power Supply 8,09 1.21 9.30 0,07 
TRE 6 VA Mains Transformer 2.87 0.43 3.30 0.21 
“ x02 2 Way Crossover Module 17.39 2.61 20.00 0.07 
x03 3 Way Crossover Module 26.09 3.91 30,00 0,07 
W en or erin 00 S or mu1 Muting Circuit for XO 2 or XO3 835 125 9.60 0.04 
CK 1010 Complete Pre-Amplifier Kit 78.26 11,74 90.00 2.50 
CK 1040 Complete 40 Watt Power Amplifier Kit 103.48 15,52 119.00 7.30 
CK 1100 Complete 100 Watt Power Amplifier Kit 129.56 19.44 149.00 7,30 
MC 2K Add On Moving Coil Kit 


PSK Pre-Amplifier Power Supply Kit 


requesting information 
from advertisers. 


The first electronic comic-book 
ANE 
BANISH tHe 


gy) 
OF ELECTRONICS 
Excitement, entertainment, circuits. 

Complete with printed circuit board and Resimeter. 


LA ob \¢ 


Further adventures and circuits coming soon — 
starring Resi & Transi, of course! 


Elektor Publishers Ltd., Elektor House, 10 Longport, 
Canterbury CT1 1PE, Kent, U.K. 
Tel.: Canterbury (0227) 54430. Telex: 965504. 


Office hours: 8,30 - 12.30 and 13.30 - 16.30. 
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RADLEY MARSHALL LID 


SPECIALIST ELECTRONIC COMPONENT DISTRIBUTORS 325 EDGWARE RD LONDON W2 IBN TEL.: 723 4242 
WE SUPPLY ELEKTOR PCBs 


NATIONAL - TEXAS - SIEMENS - THOMPSON - VERO - ARROW - HART - SWITCHCRAFT - REDPOI| 


Ics cD4081 . . 74LS107 . 44p}74LS445 . 2.30p |SN7491 .. 63p 
CA3002 . 4.40p | CD 4082. . 74LS109 | 20p|74LS449 . 1.95p |SN7492 .. 31p 
CA3005 . 3.10p | CD 4085. . LM710N | 48p]74LS112 | 38p|74LS490 . 2.35p |SN7493 .. 33p 
CA3007 . 4.90p | CD4086 . . LM716 .. 95p|74LS113 . 20p|74LS500 . 3.03p ” 
CA3012 . 170p CD 4089. . (M723N'; 60p|74LS114 | 38p|74LSe68 . 95p |SN7495...  65p | 76228 
CA3013  3.30p | CD 4093. . (M723H | 85p|74LS122 | 50p|74LS669 . 95p |SN7496 .. 45p | 76477 
CA3014 . 2.30p | CD 4094. . LM725 ,. 2.45p |74LS123 . 60p}74LS670 . 2.50p | SN 7497 .. 
CA3021 . 3.19p | CD 4095 . LM731 |, 45p | 74LS124 | 1.75p | 7qLS673. . 7.50p | SN 74100 - 
4 LM733.. 74L8125 | 44p | 9qLs674 
LM741H . 60p | 74LS126 . 
LM 741/8 | 20p | 74L8132 


NT - MOTOROLA A.- FAIRCHILD - ETC. 


LD 86A 
yellow. . 20p 
LO 87A 

green. . 20p 
LD 461: 14p 
Lo 466 . 

Lo 468 . 

LD 471. 16p 
LD 478 . 1.70p 
D476 - 1.30p 


y 

= 
3 
~ 
3 
S 
2 
® 


LM741/14  57p | 74L8136 30p | 76620 IRC 10/100 50p 

LM747.. 65p | 74L8138 . 50p | 76650 2N4444 . 1.30p 

LM748/14 38p | 74LS139 47) | 76666 2N5060.. 32p 

LM748/8 . 38p | 74/8145 | 44p | TAA300 2N5061 . 45p 

LM923 .. 44p|74LS147 . 65p | TAA 550 2N5062 . 

LM 1303 - . 74.8148 77 | TAAG21 2N5064 
74LS151 . 1.26p | TAA 790 BST BO146 40p 
74LS153 | 1.26p | TAD 100 BST BO206 25p 
74.8154. 65p | TBA 120 BSTB 0213 30p 
74L8155 | 70p | TBA331 BT 106 . 1.50p 
74LS156 | 1.788 p| BT 120 . 


74LS167 . BT 121 . 95p 
74LS158 . THYRISTORS 

74LS160 . CRS 5/20 60p 
74LS161 . TIC44.. 24p 
74LS162 . TIC46 .. 26p 
74LS164 TIC47... 35p 


74LS165 . 
LM 1872. 1,58p | 74LS166 , 
LM 2917/8 1,54p | 74LS168 . 
LM 2917/14 1.58p |74LS169 . 
748170 . 


LD3i0 red green 70p| Tic 106A 38m 

32: TIC 106B 38 
TIC 106C  38p 
TIC 106D . 55p 
TIC 106M : 52p 


7ALS173. CSS EAP keg 24 ay TIC 116A . 55p 
748174. 66p TIC 116B . 57p 

SN 74180.  85p | TBAGS1 0p 88, 
74LS175 . Bop ee BO cs peer imBaged TIC 116¢ . 88 
74.8181 OBE Ng tenet aoilinea ccs TIC 116D . 66p 


74LS183 
74LS189 . 
74LS190 . 
74LS191 


TIC 116M . 72p 
TIC 126A. 63p 
TIC 126B . 65p 
TIC 126C . 66p 


Tals 192i TIC 126D . 70p 

7418193 TIC 126M | 86p 

74LS194 . Daca 

74LS195 ST2.... 24p 

wasiey TRIACS 

yacsoat 13,80p | SN 74197 . TBA9900 | | SC4BD . . 1.20p 

74.8240 1p | SN 74198 . TCA 150, TC4/200. 25p 

7ais2ai 14b | SN 74199 . TCA160. |. TC4/400: 25p 

7418242 | f | 74.800 . , TCA 220: TIC 206D 6Op 

74L8243 74LS01 . TCA 270. TIC 2250 70p 

74.8244 . 74LS02 . TCA 420. TIC 236D — 82p 

7ALS245 74LS03 - | TIC 246D 1,05p 
: 74LS04 TIC 263D 1.84p 

74LS247 . on 

74.8248 | 74LS05 «| TIC 263D 1.85p 

7ALS249 | T4LS08 . BRIDGE 

74L8251 | 74809 RECTIFIERS 

748253 | 74LS10 .! 1.38 | 84061500 | 60p 

748257 | 74st: 1.70p | 840¢3200 1.14p 

74.8258 | 74LS12 . 70p | Bg0C 1500 

748259 74Ls13 18p | 880C3200 1.14 

74.8261 | 74814 | 18 ‘ 

748266 | 74LS15 . 

74.8273 | 7ALS20 | 

748275 | 74LS21 

74.8279 | 74.822. 

74LS280 | 7ALS26 .. 

748283 | 74.827 «| 

74LS289 | 74L828 

Be Tatsoes i 74832 .. TDA 2522 Q segment x 4. 

748295 | 74LS33 .. TDA 2530 NSB 5582 

74.8298 | 74.837 . TDA 2540 Q segment x 4. . 3.95p 

7418299 | 74.838 - TDA 2541 NSM 3914 


bar graphic moter 4 95p 
NSM 3915 
TDA 2610. ° 2 bar graphic meter 4.95p 


EY? NSM 391 
ie 140) | erate met 4. 


UAA180 || 1.76p | NSN 581 


74LS40 . 
74LS42 . 
74LS47 . 
74LS48 . 
74LS49 
74.851 . 


74LS323 . 
74LS324 . 
* p | 74LS325 . 
MM 57109 11: '82p 74LS326 
MM 57160. 5.76p | 74LS347 
1.18p | 74LS348 


1.18p | 74/8352 74Ls54 | TLO61 . | NSN 582 - 300p 
2.25p |74LS353 . 74LS55 . TLOGZ cn RPY 60 +» 2.65p 
+ 6,50p | 74LS365 TALS63 TLOG4 RPY 63 +» 2.68p 
. 3.00p |74LS366 . 74.873 TLOFIN AY FW 9802 .... 1.185 
. 4,25p | 748367 7ALs74 TLO72 .. SFH 205 80p 
. 4.37 | 748368, TALS75 TLO74 |. 


CAPACITORS 

plastic foil 63/100 V @6 series 0.1 to 
6.8 mf 

peb/mounting 100/250/400 e6 series .01 
to 1.5 mf 

silvered mica 1% 500 V 2.2 to 1000 pf 
polyester 260/400/630 V e6 series .01 to 
10 mf 

C296 series polyester 400V 1 kpf to 47mf 
polystyrene 160/400 V e6 series 10pf/ 
‘1kpf/2.7/3.3/3.9/6.8/1 Okpf 

ceramic plate 1pf to 22kpv 


TLO80 
TLOS1 
TLO82 é 
TLO83 .., 
TLOS4 ... 


+ 3.04p 17418373 
+ 72.11p | 748374, 
7.11p [748375 , 
+ §.33p | 748377 74LS85 . 
+ 8.26p |74LS378 | 1. 74LS86 
15.14p |74LS379 | 2.05p|SN7480., 52p|74LS90 .. 
. 8.51p |74LS386 | 73p| SN 7481 .. 1.12p | 74LS91 
. 2.78p |74LS390 | 1.30p|SN 7483... 68p| 74LS92 ., 
. 4.25p |74LS393 . 1.35p | SN 7484 .. 1.00p | 74LS93 
« 1,4$p |74LS395 . 2.00p|SN 7485... 90p | 74LS95 
oo 1865 aabesee + 1.85p| SN 7486... 29p | 74LS96 a 
++ 1,8Qp | 74Ls + 2,50p | SN 7489 . ‘ 2008 76023ND ‘ x 

7418399 | SN 7490 |. 33 [76110 .. . Saremis disc 63 V e6 series .01/.22/.015/ 


ceramic disc 3/6kv 100pf to 1 0kpf inquire 
PRESETS for specific values 
e 1W- aH owe e 3W- i Tawa C280 polyester 250 V .01 to 2.2mp 


74LS76 
74LS78 . 
74LS83 .. 


¢b4078 . 32p | LM701 


SPECIAL OFFER 
CHARGER FOR 2PP3 NI-CAD BATTERIES 
INPUT 240 V 50 HZ 

OUTPUT 9 V DC 

FUSED FOR SAFETY £2.25 + VAT 
NORMAL PRICE £5.50 + VAT 


CERMET POTS 
ALL 27 TURN 
Mae 14p VERTICAL 15p B32660 polyester all values 

100 2 +10 MEG @ 3W-100210MEG 


tantalum beads all values inquire for volt- 
HORIZONTAL HORIZONTAL ages 
electrolytic capacitors all top grade values 
Please phone to check availability. kK 
SHOP HOURS 9.00 - 6.00 MON - SAT. 


BARCLAY CARD e ACCESS e MAIL ORDER 
A.EXPRESS e¢ DINERS CLUB POSTAGE AND PACKING 40 p 


SPECIAL PRICES FOR VOLUME ORDERS. 
PLEASE REMEMBER TO ADD 15% VAT. 
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for yOur copies Of Elektor 


THE ELEKTOR 
CASSETTE BINDER 


This cassette style binder will help to keep 
your copies of Elektor clean and in 
order, even though you refer to them 
time and time again. The cham- 
fered corner of the cassette allows 
instant recognition of each 
month's issue without the need 

to thumb through pages of pre- 
vious months’ issues. Because 

no wires or fastenings are used 

copies can be easily removed and 
replaced and each cassette will hold 
one year’s volume of Elektor. Their smart 
appearance will look good on any laboratory 
shelf, 


PRICE £2.90 
inc. postage & packing 


available from — 
Elektor Publishers Limited, 
10 Longport, 
Canterbury, 


KentCT1 1PE. 
please use the order card in this issue. 


ROYAL 
HORTICULTURAL 
SOCIETY’S NEW HALL 
WESTMINSTER 
LONDON SW1 


COMPUTERS @ AUDIO e BOOKS @ MUSIC @LOGIC NOVEMBER 
10th-14th 


Wed 10th 10am — 6pm 
Thurs 1ith 10am — 8pm 
Friday 12th 10am — 6pm 
able to buy the latest in kits, components, books and magazines, Sat 13th 10am — 6pm 
Sun 14th 10am — 4pm 


Breadboard ’82 gives you the opportunity to have a day out in 


London AND attend Britain’s regular exhibition for you, the 
enthusiast. NOT ONLY will there be stands from which you'll be 


BUT ALSO lectures, demonstrations, competitions AND a chance 


to take part in a computer-assisted wargame that could make you 
the military tactician of tomorrow. DON’T MISS Breadboard ’82 
... Adults £2.00, children, students and senior citizens £1.00. 


Elektor switchboard 
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advertisin, 


When you have been ‘into electronics’ for 
some time, a most amazing amount of 
interesting gear tends to accumulate. Old 
valves, radios, tape decks, relays — remember 
the days? Or even: old microprocessor sys- 
tems! 
On the other hand, when you're getting into 
electronics, having to buy everything brand- 
new tends to put a slight damper on your 
natural urge to experiment. And even when 
you have an intriguing collection of bits and 
pieces, the bit or piece that you happen to 
need often seems to be the only one that is 
missing. 
Put these two facts together, and it seems 
obvious that there must be a large number 
of readers who are looking for things that 
are gathering dust elsewhere. If only the two 
parties knew about each other's existence! 
What they need is some kind of switchboard: 
a place where either party can mount a 
‘plug’ or ‘socket’, with a reasonable chance 
that the other person will find it. What 
better place than the pages of an electronics 
magazine? 
This month, we introduce ‘switchboard’: a 
free advertisement service to Elektor readers, 
(Admittedly, the idea is not entirely new. 
However, one of the basic rules for computer 
programmers applies in this case: ‘Don't 
re-invent the wheel if you can steal the 
plans’!) The basic idea is quite straight- 
forward: you send us a short advertisement, 
and we print it. Hopefully, someone responds; 
hey presto: two more happy readers! 
However, we have given this matter some 
thought. If the service becomes as popular 
as we expect, things might tend to get out 
of hand. Since we are offering this advertising 
space free of charge, we feel justified in 
specifying the rules: 
e Private advertisers only. No trade, no 
business. 
e@ Full address or private telephone number; 
no post office boxes (for the reason given 
above!). 


e Items related to electronics only. Software 
only when related to Elektor computer 

systems. 

@ Maximum length: 114 characters — letter, 
numeral, comma, space, etc. (not 

including address and/or telephone number). 

@ One advertisement per reader per month. 
To enforce this rule, a switchboard 

voucher will be printed each month. No matter 

how the text is sent to us — on the original 

form, ona photocopy or ona hand-made 

copy — the original voucher from the magazine 

must be included, Each voucher is valid for 

posting up to the end of the ‘cover’ month. 

@ Elektor cannot accept responsibility for 
any correspondence or transaction as a 

result of a ‘switchboard’ ad, nor as a result 

of any inaccuracy in the text. 

e@ Ads will be placed in the order in which 
they are received, in the next issue if 

space allows. 

@ We reserve the right to refuse advertise- 
ments, without returning them — in 

general, this rule will apply if the rules given 

above are broken. 


Pheww! I'm glad | got that lot off my chest. 
Personally, I‘d much rather forget the rules 

- but they are essential of the service is to 
work as we intend. In simple terms, it all 
boils down to this: any private reader can 
send in an ad, and we'll place it. However, 
we don’t want to waste space on long-winded 
or irrelevant messages and ‘the trade’ is 
referred to the classified ads section, where 
it belongs. 

And now it’s up to you, If you've got any- 
thing to offer, or if you're looking for some- 
thing, let us know — and we'll tell the world! 
The first form and voucher is printed below. 


Your editor. 


| am a private reader. | have read your rules and | enclose a valid switchboard voucher. 
Please place the following advertisement, free, in the next available space, 


BLOCK CAPITALS PLEASE — ONE: CHARACTER TO EACH BOX 


Name and address: 


Send to: 


Elektor switchboard, 
Elektor House 

10 Longport 
Canterbury CT1 2BR 


All advertisements must include the 
voucher printed here. They must 
be post-marked within the 
month indicated. 
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Power from the invisible universe 


A theory linking black holes, quasars 
and radio jets in galaxies may explain 
the basis of the universe and point to 
its eventual end in a so-called Big 
Crunch, 


Only a few years ago it seemed that 
astronomers were drawing near to a 
comprehensive understanding of the 
universe. Mysterious objects remained, 
notably the quasars with their extra- 
ordinary brightness, but a pattern was 
emerging that promised to encompass 
all the categories of stars and galaxies 
that astronomers could see. 

To some extent that is still true today. 
But what is becoming apparent is that 
the universe we can observe with any 
kind of radiation, including radio 
waves, infra-red, ultra-violet and X-rays, 
is probably only a small fraction of the 
entire universe. Most of it is invisible 
because the matter it comprises pro- 
duces no radiation for astronomers to 
«detect with their telescopes, 

But this unseen matter cannot be 
ignored. Although it is invisible, it is 
probably responsible for the most 
violent events in the visible universe. 
And its presence may be the factor 
deciding the fate of the universe, 
whether it will go on expanding for 
all eternity or whether it will instead 
stop expanding, contract and finally 
disappear in a Big Crunch, the precise 
opposite of the Big Bang in which it 
came into being. 


Quasars and Black Holes 

The two most mysterious objects in the 
known universe are quasars and black 
holes, Quasars are stange super-stars, 
each one shining more brightly than 
thousands of complete galaxies of 
stars, yet producing its radiation from 
something with a diameter no greater 
than that of the solar system. Because 
quasars shine so brightly they are 
visible at distances of several thousand 
million light years. This means that we 
are seeing them not as they are now but 
as they were several thousand million 
years ago, when the universe (which 
began at some time between ten and 
fifteen thousand million years ago) was 
relatively young. This has suggested to 
astronomers that, because no quasars 
to be nearer at hand, in more recent 
epochs, whatever provides the power 
for them may be some force which is 
now spent. 

Black holes the fates of large stars when 
their nuclear fuel finally burns out. 


When this happens there is no longer 
outward explosive force to balance the 
inward gravitational forces caused by 
every particle of matter in the star 
attracting every other particle of matter, 
so the star collapses inwards and be- 
comes more and more dense. It passes 
through the stage where the electrons 
Orbiting atoms are squashed inwards 
to fuse with protons, the negative and 
Positive charges cancelling each other, 
thereby forming neutrons. Smaller stars 
stop contracting at this stage and form 
so-called neutron stars made of col- 
lapsed atoms. They are dotted around 
the universe and can be detected by 
their gravitational effects on other stars. 
But in larger stars the inward gravi- 
tational forces are so strong that theory 
predicts they will go on collapsing 
inwards until all the matter in such a 
star has been compressed into a dimen- 
sionless point. A star which has reached 
that stage can no longer be observed 
because no radiation can leave it. For 
this reason, and because events inside 
it can no longer be understood through 
conventional physics, it is called a 
black hole. 


Radio Jets 


Black holes are no longer just theoreti- 
cal notions. X-ray telescopes have 


detected radiation coming from two or 
three objects which are very probably 
other stars in orbit around black holes. 
More recently, there has been growing 
suspicion that violent events in the 
centres of galaxies may be caused by 
black holes being formed there. In the 


UK, Professor Martin Rees of the 
Cambridge Institute of Astronomy and 
his colleagues have put forward a theory 
which not only explains quasars in 
terms of black holes but explains 
another mysterious phenomenon, too, 
so-called jets in radio galaxies. 

Radio galaxies, the main class of ob- 
jects detected by radio telescopes, 
appear usually to contain an ordinary 
optical galaxy with a characteristic 
disc shape. Protruding from the centre 
of the disc in each direction perpen- 
dicular to it, giving the appearance of 
a wheel on an axle or of a spinning top, 
are jets of radiation and charged par- 
ticles shooting such colossal distances 
into space that they dwarf the galaxy 
from which they come. 


To understand Professor Rees’s theory, 
it is necessary to go back in time at 
least ninetenths of the way to the 
origin of the universe, to a period 
about one thousand million years 
after the Big Bang. At that time, swirl- 
ing clouds of gas were separating from 
each other and forming spinning, proto- 
galactic discs with solid stars condensing 
out of the gas. As the stars formed, the 
remaining gas sank towards the centre 
of each galaxy, attracted by the pull of 
the denser matter. There were no 
forces, other than those which mutually 
repel neighbouring atomic particles, 
to slow down the inward collapse of 
the gas into each galactic centre. So 
collapse soon proceeded to the point 
where a black hole formed. More and 
more matter was pulled into the black 
hole by its enormously powerful gravi- 
tational field, so its pull grew still 


Photograph of Centaurus A taken at the Anglo-Australian telescope on Sidding Spring 
Mountain in Australia. Centaurus A is the nearest of the great radio galaxies and is believed 


to have an enormous black hole at its centre. 
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stronger until it drew neighbouring 
stars into itself, as well as dust and gas. 


Synchrotron Radiation 


This, says Professor Rees, is the stage of 
galactic evolution represented by the 
quasars. They are young galaxies in 
which the central black holes are still 
sucking in stars. While the stars are 
being pulled. into the black hole, before 
they disappear for ever, they are accel- 
erated to velocities near to the speed of 
light. Matter accelerated to such speeds 


gives off powerful radiation, called 
synchroton radiation (see Spectrum 
129). The extraordinarily powerful 


synchroton radiation we observe from 
quasars is on the scale to be expected 
from a black hole scouring the centre 
of a galaxy cleaned of millions of 
stars. When there are no more stars 
left near enough to be swallowed, the 
quasars revert to the radiative power of 
ordinary galaxies. There are no quasars 
today because there is no matter left 
in the centres of galaxies to be swallowed 
by the black holes that lurk there. 
No other phenomenon is powerful 
enough to produce the quasar radiation. 
But, says Rees, that is not the end of 
the story. Because the galaxies in which 
they are formed rotate, the black holes 
in their centres rotate, too, And because 
they are made of infinitely dense matter 
the black holes rotate virtually as fast as 
it is possible to rotate. They spin at near 
to the speed of light. Surrounding the 
centre of each galaxy is a magnetic field 
which is formed, predictably, in gas that 
is too far away from the black hole 
to have been sucked into it. The 
magnetic field in the centre of such a 
galaxy pulls on the spinning black hole, 
acting as a persistent brake upon it. 
When a brake is applied to any moving 
object energy is lost; one example is 
the heat given off when wheels are 
braked. When a brake is applied to a 
mass of a hundred million or so stars 
in a black hole spinning at a speed of 
near to 186000 miles/second, we may 
expect the energy produced to be on 
an unfamiliar scale. 

This energy, Rees proposes, is the 
explanation of the jets in the radio 
galaxies. The magnetic fields that 
surround the spinning black holes have 
narrow tunnels running through them 
to each side, perpendicular to the 
galactic plane, and the colossal energy 
produced from the braking effect of 
the magnetic field on the black hole 
is flung out through the tunnels. It 
emerges, shooting out through space, 
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RIGHT ASCENSION (1950.0) 


The double radio source 3C236. Contour lines map the intensity of the radio emission showing 
the source to have ‘radio lobes’ (at the bottem left and top right of the map) separated by 


20 million light-years. 


——<—<— 


as jets of particles and radiation 
dwarfing the galaxy they come from. 
Professor Rees believes that the evol- 
ution of galaxies into the quasar stage 
and onwards, with the formation of 
spinning black holes and radio jets, is 
probably a very common, perhaps 
almost universal process. Most galaxies, 
including our own, have gone through 
it. Spinning black holes may form 
from single stars as well as from millions 
of stars in the centres of galaxies. 
Single-star black holes would produce 
miniature radio jets. Two objects with 
structures that resemble or suggest the 
existence of such jets are known, 
namely the bright X-ray — star 
Scorpio XI and the optically visible 
source SS433. 


Violent Events 

So this theory explains and links the 
three strangest phenomena in the known 
universe, black holes, quasars and radio 
jets. But it implies that we must look 
for the explanation of the most violent 
events in the visible universe in matter 
which can no longer be observed in 
that universe, in black holes. And if 
we are to predict the fate of the uni- 
verse, say Rees and certain other as- 
tronomers, we must again take into 
account black holes and other categories 
of invisible matter. 

It is possible for astronomers to cal- 
culate how much matter there would 
need to be in the universe for the 
gravitational forces pulling it together 
eventually to overcome the outward 
forces of expansion, so that the universe 
will eventually stop expanding and 


start to contract towards a Big Crunch. 
For this to happen, the universe in its 
present stage of expansion needs to 
contain an average of about three atoms 
rules out the crunch, because all the 
matter in the universe that has been 
observed by any kind of telescope 
adds up to only about one-tenth of 
one atom per cubic metre. But, says 
Rees, there is a lot of matter in the 
universe that we have not seen and can 
never see. And there is growing evidence 
that this invisible matter greatly out- 
weighs the visible. 

Some galaxies orbit around one another 
in pairs, like double stars, Their masses, 
calculated from their orbits, are es- 
timated to be at least ten times that 
of their visible matter. This is still only 
one third of the mass needed to ensure 
a Big Crunch, but it does indicate that 
only about one-tenth of the matter in 
galaxies can be detected with any 
kind of telescope. Some of the rest 
may already have disappeared for ever 
into black holes. Perhaps as much as 
nine-tenths of the matter in the universe 
has gone that way. More invisible matter 
may be in the form of ‘dark’ stars, 
which have burnt out without collapsing 
into black holes but which no longer 
emit enough radiation to make them 
observable. 


The amount of invisible matter which is 
present in a third form, particles called 
neutrinos, may dwarf that present in the 
visible universe. 

In the first fraction of a second after the 
Big Bang, matter and its opposite, anti- 
matter were probably created almost 
equally. They promptly annihilated 
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each other, leaving a relatively small 
residuum, representing the margin of 
matter over anti-matter, to become the 
universe we see today. Particles called 
neutrinos were produced by each 
annihilation of particles. 

Because neutrinos hardly ever interact 
with other particles, those formed 
just after the Big Bang have been 
flying around the universe ever since. 
Until recently it was thought that 
neutrinos had so mass. Now some 
astronomers think that neutrinos do 
have mass and, although it is very small 
compared with the mass of other 
particles, there may be so many neu- 
trinos that their combined mass dwarfs 
that of all other matter in the universe. 
It could be much more than ‘enough 
to ensure a Big Crunch. The problem 


is how to detect neutrinos. Attempts 
to trap them, by burying detectors 
deep underground to screen out the 
impacts of other particles, have so 
far been unfruitful. 

If these theories are correct, it is rather 
sobering to think of how unimportant 
our familiar universe of stars and 
galaxies is, compared with the invisible 
black holes which power all its most 
violent events and which may have 
already swallowed most of its matter, 
and with the invisible sea of neutrinos 
on which our familiar matter may 
float like trivial froth on the oceans. 
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Video recording at over 600 miles 
per hour 

Unique video coverage of the attempt 
on the World Land Speed Record by 
Richard Noble in his car ‘Thrust 2’ will 
be provided by cameras and video 
recorders from Sony Broadcast. 

A lightweight video colour camera will 


1 megaparsec 


1 parsec 


Structure of the radio source around the galaxy NGC 6251, with detail magnified in two 
stages. The parsec, a unit of stellar distance, is equivalent to 3°26 light-years. 


be installed in the spare cockpit of the 
jet-powered car during the attemps to 
break the world record of 622 mph 
on the Bonneville Salt Flats in Utah, 
U.S.A. 

Sony equipment is being used by 
Intervideo Productions Ltd. to record 
a documentary covering the 7 year 
development programme of ‘Thrust 2’, 
the people involved in the project and 
all the activities during the attempt in 
Utah. Three main camera teams will 
record the activities at base camp, the 
refuelling point at the end of the 
runway and from the air in a hot air 
ballon or a light aircraft. In addition, 
the camera installed in the car itself 
will provide dramatic shots of both the 
car's instrument panel and scenes of the 
runway as viewed by the driver. 

To break the record, ‘Thrust 2’ has to 
make two passes over a measured mile, 
in opposite directions, within an hour, 
From standing start and acceleration 
through the measured mile and then 
deceleration will take something like 
45 seconds over a distance of 10 miles. 
At the point of braking considerable 
G forces of up to 6.5G will be ex- 
perienced by the driver, but it is not 
yet known how the video camera and 
recorder will function under these 
conditions. 

The camera’s weight factor combined 
with the vibration from both the move- 
ment of the car over the salt flats plus 
high frequency vibrations from the 
Rolls Avon 403 jet engine (which pro- 
duces some 17 tons of thrust) creates 
a very critical environment for both 
camera and recorder in terms of micro- 
phony. 

The weight of any item of equipment 
is multiplied by the G force applied. 
This means that the Sony camera, which 
weighs 10lbs under normal gravity 
conditions, will have an actual weight 
of over 60lbs on deceleration from 
650 mph. 

At present the camera is providing vital 
telemetry information on the behaviour 
of the car as well as an accurate record 
of the instrumentation read-out from 
the spare cockpit. 

Richard Noble will be attempting to 
break the World Land Speed Record 
later this year at a speed in excess of 
650 mph. 

Sony Broadcast Limited 
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Conventional amplitude modulation 
(AM) with carrier should by now be 
quite familiar. Short-wave, medium- 
wave and long-wave listening is very 
common because all the problems of 
this type of modulation appear to have 
been solved by the invention of the 
detector receiver. Nevertheless, for 
widely varying reasons, the field of 
telecommunications has provided the 
impetus to ‘invent’ many other analogue 
and digital modulation methods; these 
are no doubt all justified but make 
quite different demands on the receiver. 


with respect to frequency stability of 
the demodulator. 

At this stage we would like to present 
another example of DSB which we 
encounter daily whilst hardly noticing 
it. We are referring to the stereo signal 
from the VHF receiver. Advanced radio 
enthusiasts will immediately point out 
that VHF radio operates with FM. This 
is true, but let us examine the stereo 
signal. It consists of the frequency 
band L+R, the pilot tone and two 
L-—R bands around the 38 kHz sub- 
carrier. The carrier is modulated with 


DSB demodulator 


carrier regeneration using the audio-frequency method 


In the June 1982 issue we 
presented an article entitled “The 
principles behind an SSB receiver” 
and we hope that it provided 
answer to some questions. Asa 
practical complement to the 
“Crash course in transmission and 
reception” we then presented a 
complete SSB short-wave receiver 
for home construction. 

With this article we would now 
like to introduce another type of 
modulation that was mentioned: 
DSSC (double sideband, sup- 
pressed carrier) or, as it is more 
commonly known, DSB. An 
appropriate demodulator in a 
new circuit technique is provided 
for those who like to become 
more involved in DSB in future. 


Theory 

Nobody really knows why DSB was not 
able to establish itself successfully. Some 
cynics tell us that vested interests in 
SSB carried more weight at the decisive 
moment. It is possible that the SSB 
technique was better developed at that 
time than the DSB technique. In any 
case, with respect to efficient use of 
transmitter power, the DSB technique 
represents a middle route between AM 
and SSB modulation (figure 1). If, for 
example, a sinusoidal carrier of a fre- 
quency of 4 MHz is modulated with a 
sinusoidal ‘information signal’ of a fre- 
quency of 1 kHz, two ‘side frequencies’ 
are produced in addition to the carrier 
frequency (3999kHz and 4001 kHz). 
This can be proved mathematically but 
is beyond the scope of this article. 
Figure 1 shows a modulated signal as 
displayed on a spectrum analyser. A 
spectrum analyser displays the ampli- 
tude or, in this case the power level of 
a signal, as a function of frequency and 
not as a function of time, as is the 
case with an oscilloscope. Assuming that 
the information signal does not consist 
of one frequency but of a mixture of 
frequencies, bands are obtained instead 
of lines in the spectrum of the modu- 
lated signal, one to the left and one to 
the right of the carrier. Both bands 
contain precisely the same information. 
The carrier contains no information but 
requires the most power, as can be seen 
in figure 1. If the carrier is then sup- 
pressed during transmission and the 
energy it contains is transferred to the 
information-carrying sidebands, the 
result is the two types of modulation 
DSB (DSSC) and SSB. The advantages 
and disadvantages of SSB were already 
discussed in the June 1982 issue. With 
DSB the effective, information-carrying 
power is doubled with respect to 
conventional AM. As with SSB, however, 
the carrier must be regenerated at the 
receive end. This is quite a challenge 


the L—R signal in DSB technique, Thus 
the carrier is initially missing in the 
receiver. The entire signal is finally 
frequency-modulated with the RF 
carrier. To avoid any misunderstandings, 
we are not designing a new type of 
stereo decoder here, but merely wanted 
to provide an example of DSB! 


Block diagram 


Figure 2 shows the block diagram of 
a DSB superhet receiver. The input 
signal is mixed with an oscillator signal. 
The output of this oscillator is some- 
what higher in frequency than the 
input signal and is tuned simultaneously 
with the input signal. In this way the 
frequency difference between input 
signal and oscillator signal remains 
constant over the entire tuning range of 
the receiver (455 kHz in this example). 
The ‘difference signal’ is known as the 
IF (intermediate frequency). 

The output signal of the IF amplifier 
is applied to the input of the DSB 
demodulator. Mixing then takes place 
here too, but this time with a square- 
wave signal from the sampler. The result 
is an audio-frequency signal from which 
the carrier (now an AF carrier) is 
regenerated with relatively simple means. 
If this carrier is then mixed with the 
IF signal previously obtained by sub- 
tractive mixing, the AF signal is pre- 
sented at the output. The frequencies 
given in figure 2 relate to the example 
in figure 1. 

The term ‘sampler’ that appears twice 
instead of oscillator is not really rel- 
evant in our case. We are more con- 
cerned with carrier regeneration than 
with the details of AM reception. 

The mathematics of the method are 
complex and involve many trigonometric 
formulae. The result is straight-forward, 
however: if two sinusoidal signals, like 
the ‘side frequencies’ that we have 
already met, are multiplied, the carrier 
is produced with twice the frequency 
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together with some other frequencies 
which are filtered out. 


Practice 


In contrast, the method is clearer in 
practice. Multiplication of two sinus- 
oidal signals is normally performed 
using a 4-quadrant multiplier (ring 
modulator). We will use a simpler 
method, however. Since a perfectly 
sinusoidal signal is not needed at the 
output, digital multiplication can also 
be employed. This merely requires an 
exclusive-OR gate; the original signal 
and the out-of-phase signal are applied 
to its inputs. With a phase shift of 
90° a square-wave signal appears at its 
output with twice the frequency of the 
input signals. This type of phase- 
comparator, exclusiveOR gate can 
therefore also be described as a digital 
4-quadrant multiplier. 

Figure 3 shows the circuit of the DSB 
demodulator which we shall now exam- 
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ine step-by-step. T2 performs the 
function of the second mixer in the 
block diagram. The corresponding 
sampler consists of the oscillator with 
Fil and T3 and switch T4. All types 
of filter which can be tuned to 
455 kHz can be used. 

Although the first stage of the demodu- 
lator still operates at high frequency, 
it is followed by audio-frequency 
stages. The IF signal obtained by 
subtractive mixing is applied to a 
potent amplifier via buffer A1. The 
signal is then amplified until a ‘clean’ 
square-wave signal is present at the 
output of comparator A3. The phase- 
shift mentioned is performed by 
integrator A4, It is configured so that 
this phase-shift takes place between 
approximately 10 and 30kHz. The 
‘shifted’ signal is shaped into a square- 
wave signal by comparator A5. Exclus- 
ive-OR gate N1 forms the digital 4- 
quadrant multiplier. Ignoring for a 
moment the PLL circuit IC5, the fre- 
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quency of the output signal of N1 is 
then divided down by FF1 to the 
frequency of the carrier. The low-pass 
filter consisting of R20/P3 and C19 
compensates for the 90° phase-shift 
caused by the PLL circuit (45° at 
fyco/2). Comparator AG forms a square- 
wave signal from the audio-frequency 
carrier. 

The third mixer mainly consists of T5. 
Two signals are applied to it: the audio- 
frequency IF signal via low-pass net- 
work R12/C10 and the signal from the 
sampler consisting of FF2 and N2...N3. 
This circuit may appear a little strange 
at first sight, but it is really not compli- 
cated. It consists of a monostable that 
is triggered by the audio-frequency 
carrier. If a positive pulse appears at 
pin 11 of FF2, output Q becomes a 
logic 1. After passing through the delay 
circuit of N2...N4 a pulse appears 
at differentiating networks C20/R21, 
but the flip-flop is simultaneously 
reset and waits for the next triggering 
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Figure 1, Frequency spectrum of a 4 Mhz carrier modulated with a 1 kHz signal in AM (1a), DSB (1b) and SSB (1c). All signals are sinusoidal, 
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Figure 2. Block diagram of a DSB receiver. The demodulator chiefly consists of two mixers and a circuit for carrier regeneration with triggers 


the sampler of the second mixer. 
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Figure 3. The circuit of the DSB modulator mainly operates in the AF range. For this reason, operational amplifiers and CMOS-ICs are utilized 
for carrier regeneration and the second mixer. The PLL IC operates as a frequency stabilizer and carrier-buffer. 


pulse. During this period T5 conducts; 
the weighted signal is fed to the active 
low-pass circuit of A8 via buffer A7 
and the audio-frequency signal is 
present at the output (wiper of P5). 

The PLL circuit of 1C5 performs two 
functions. Firstly, of course, it allows 
a frequency to be ‘locked on’ very 
precisely. Secondly, this frequency is 
also retained when the control voltage 
for the VCO has become very low. In 
our case this signifies the following: 
when viewed on an oscilloscope the 
DSB signal looks like beads on a string. 
One would expect the carrier to be at 
the points of contact between the 
beads, but there are none. Since the 
amplitudes of the signals from the 
mixture of frequencies of the sidebands 
are very low in this range, the demodu- 
lator does not really ‘know’ whether a 
useful signal is present. In could simply 
be noise. Thus, in a manner of speaking, 
the PLL circuit buffers the generated 
carrier under conditions of fading field 
strength, so that the carrier does not 
disappear again. 


Application and alignment 


The DSB demodulator can be utilised 
in any AM superhet receiver. Since the 


second mixer is a ‘harmonic’ type, an 
IF signal in the range of 455 kHz to 
approximately 20 MHz can be processed. 
Figure 2 shows the general configur- 
ation. The only stage still required at 
the output of the demodulator is an 
AF amplifier. Clearly the demodulator 
also provides advantages in conventional 
AM reception. 

Alignment does not involve any prob- 
lems, because the audible method is 
used. First connect the AF amplifier 
to the output of A1. Tune the receiver 
to a conventional AM _ transmission 
(with carrier) so that a signal is present 
at the output of the IF amplifier. Adjust 
the core of Fil so that the whistle in 
the loudspeaker is just at the audible 
frequency limit (about 15kHz). If 
this tone sounds distorted, the mixer is 
being overdriven. In that case P1 should 
be adjusted so that the whistle is barely 
undistorted. 

In the second alignment step, connect 
the AF amplifier to its real location in 
the circuit, ie. to the wiper of P5. Set 
P2...P5 to their middle positions. 
Then adjust P4 so that the PLL circuit 


‘locks on’. When a transmission is 
received, i.e. when modulation is 
present, (the whistle should cease 


when the circuit locks on). It may be 


necessary to shift the range by adjusting 
P2. 

In the third alignment step, adjust P3 
so that the AF signal reaches its maxi- 
mum. This is precisely the case when 
the carrier is subjected to a phase-shift 
of 45° by low-pass network P3/C19. 
Finally, the output level can be matched 
to the following amplification stage by 
adjusting P5. The entire alignment 


process should be repeated several 
times. In particular, the distortion 
caused by selective fading should 


cease. Instead a kind of phasing effect 
appears, 

One thing becomes clear from the 
description of the alignment process: 
if the demodulator does not precisely 
‘lock on’ to the transmission, an un- 
pleasant howling and whistling is 
heard from the loudspeaker. For this 
reason, one should tune twice: first 
in the normal manner with the existing 
detector and then precisely with the 
demodulator described here. The only 
additional controls required on the 
receiver are a changeover switch and a 
potentiometer. We hope that this 
circuit will contribute to an improve- 
ment in your short-wave reception. I 
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The 7106 is a well known IC in the 
world of A/D converters, and was 
chosen for three main reasons. Firstly 
this IC is a ‘jack of all trades’ and is 
widely used in all forms of voltage or 


temperature measuring instruments. 
Secondly, because it is universally 
available and relatively inexpensive. 


Last but not least, the 7106 and its 
big brother (7116), have so many 
functions already integrated within 
themselves that only a few passive 
components and a LCD are needed 
to complete a good circuit. 

The 7106 contains an A/D converter, 
clock generator, reference voltage 


dependant upon the time. In turn the 
contents of the counter are then dis- 
played on the LCD. The advantage 
of using this method is that a relatively 
simple and straigthforward oscillator 
can be applied. The oscillator frequency 
of the IC is in fact determined by the 
values of R2 and C3. This frequency 
also determines the number of ‘samples’ 
taken in every second. As a matter of 
interest, using the values as indicated 
in the circuit diagram, three samples 
are taken every second. 

The IC ensures a zero setting before 
each ‘sample’, or measurement, auto- 
matically. Quite simply, the inputs are 


L.C.D. thermometer 


. . -accurate to 0.1 
of a degree 


During the past few months, the 
Elektor offices have been inun- 
dated with requests for a digital 
thermometer. 

In answer to all these requests, 
and to relieve the pressure on our 
technical queries department, we 
present a digital circuit using a 
special 1C and a LCD display. 

The design is inexpensive, but, 
nevertheless accurate, precise, and 
has a very low power consump- 
tion! The range of the instrument 
is from —50°C to +150°C. The 
temperature is displayed 0.1 
degree at a time, therefore making 
it suitable for practically any appli- 
cation. 


source, BCD-to-seven-segment decoders, 
and latch and display drivers! Quite a 
bundle of energy! And even if this 
array of goodies was not enough, it is 
also equipped with an automatic zero 
correction, and polarity indication. 

The 7116 (believe it or not), not only 
has everything the 7106 has to offer, 
but also includes a hold facility enabling 
the read-out to be frozen, if required. 
The circuit described here is 


designed 
to accept either 
IC, allowing the con- 
structor to decide which : 
of the two he prefers to use. 


The circuit diagram 

The circuit as shown in figure 1 is really 
nothing more than a digital voltmeter, 
which in turn measures the voltage drop 
across a temperature sensor. 

The dual slope conversion principle is 
applied for the voltage measurement. 
Basically the input voltage from the 
sensor charges capacitor C4 for a fixed 
period of time. The capacitor then 
discharges, the rate at which the capaci- 
tor is discharged being determined by 
the reference voltage. The actual time 
it takes for the capacitor to discharge 
fully (return to zero) is then pro- 
portional to the input voltage level. 
During the discharge period, pulses 
from an oscillator are stored in a 
counter, obviously the number of pulses 


first of all decoupled internally from the 
actual input pins and then short cir- 
cuited. The automatic zero capacitor 
(C5 in this case) is charged via a separate 
feedback loop, so that the offset 
voltages of the buffer amplifier, inte- 
grator, and comparator are compensated 
for, inside the IC. This guarantees any 
measurement really does start from 0 V, 
and that when the display reads 000, it 
does denote a 0 input voltage. 
The temperature measurement stage is 
straightforward if somewhat sophisti- 
cated. It contains three voltage dividers: 
R10 and R11; R8/P1; R9/P2. The 
junction of the first divider containing 
the sensor R11 is connected to the 
‘IN HI’ input of the IC. The wiper of 
potentiometer P1 is linked to the 
‘IN LO’ input and the wiper 
of P2 to the ‘REF HI’ in- 
put. In effect the circuit 
measures the differential 
voltage between one side of 
the sensor and the wiper of 
P1. Any measurement is com- 
pletely independant of the supply 
voltage level, because the reference 
voltage of the IC is also derived from 
the supply (via the divider R9/P2). 
Keep in mind that a full scale readout 
will be equal to twice the reference 
voltage. Any decrease in supply voltage 
will not change the readout, because 
the reference voltage will decrease 
by the same amount (when compared 
with the measuring voltage that is). 
Resistor R4 and capacitor C6 act as 
a input smoothing filter. 
The display is driven directly by the 
IC. The EXOR gate N2 ensures that 
the decimal point is activated, by 
supplying the inverted backplane signal 
to the corresponding LCD points. 
The circuit also has a low battery 
indication function. The display denotes 
this by either an arrow or the term 
‘Low Bat’. An EXOR gate also controls 
this function! 
Transistor T1 is used as a supply voltage 
level detector. The emitter is connected 
to the junction of R5 and R7, and its 
base to the test connection of the IC. 
This pin not only allows the display 
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Figure 1. The circuit diagram of the digital thermometer. The circuit is compact, consisting of two ICs and a few surrounding components. 


AQ V battery supply is ideal. 


itself to be tested (by connecting it to 
a +5V_ supply), but, moreover can 
provide us with a positive stabilised 
d.c. voltage! By choosing the right 
ratio between RS and R7, T1 will 
cutoff the moment the supply voltage 
drops below 7.2V. As a result the 
collector voltage of T2_ increases, 
causing N1 to activate the correct 
notation on the display. 

A 9V battery such as a PP3 is quite 
sufficient, since the circuit consumes 
only a few milli-amps. A mains supply 
is also possible, and it is for this reason 
that R1 and the zener D1 are added to 
- the circuit. 


The temperature sensor 

There are various types of sensors on 
the market, and the only reason we have 
picked two particular ones, is that they 
are inexpensive. 

Original tests showed the KTY 10 from 
‘Siemens to be ideal, but, as this can be 
difficult to get hold of, we also tried 


the TSP 102 manufactured by Texas 
Instruments which worked well. Most 
of the types looked at consisted of a 
silicon plate, whose resistance depended 
on the temperature. The only real 
difference between types was their 
temperature range. The KTY10, for 
instance ranged from —50°C to +150°C, 
whereas the TSP was effective over a 
range from —55°C to 125°C. The 
first_version has a nominal resistance 
of 2000 © at, 25°C and the TSP 1000 2 
again at 25°C. The temperature co- 
efficient was 0.75%/°C and 0.7%/°C 
respectively. These last figures denoting 
the resistance increase, per degree 
celcius, as a percentage over the nominal 
value. 

The accuracy of the circuit is mainly 
dependant on the width of the 
measuring range. Which type to use is 
left to the discretion of the constructor. 
A serial resistor (R10) is applied (in 
series with the sensor) in order to 
stabilise the linearity of the sensor, 
especially when small measuring ranges 


are required. Table 2 provides a sum- 
mary of several ranges, with the 
linearity error, and serial resistor values 
needed. Table 3 describes, in detail, the 
differing sensors, together with their 
housing dimensions and type numbers. 


Construction 

Figure 2 illustrates the specially de- 
signed printed circuit board of the 
circuit. 

The dimensions of the board and the 
way that the components have been 
grouped together allow the com- 
pleted circuit to fit into a case manu- 
factured by Vero (type Nr. 65-2996H). 
Provision has been made for all the 
components to be mounted onto the 
printed circuit board. Constructors 
should make sure that low profile 
sockets are used for IC1, IC2 and the 
display. The display can be inserted 
into a 40 pin socket which has been 
sawn in half. We also advise the use 
of good quality multi-turn presets. 
As with anything made of glass, great 
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Figure 2. The track pattern and component layout of the printed circuit board. The size and 
layout of the board allows the completed circuit to be inserted into a ready made plastic case 
by Vero. Ensure the correct wire links are in place for the 7106 or 7116. 
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Figure 3. An external power supply can be 
connected as shown. The battery is auto- 
matically switched off when the plug is 
inserted. 


care should be taken when handling 
the display, especially when inserting 
it into its socket. Too much pressure 
on the glass plates may cause the 
display to appear internally smudged, 
permanently! 

When using the circuit as a normal 
thermometer, the decimal point DP1 
should be connected to point Y by 
means of a wire link. Obviously, 
depending on the application, the 
decimal point can be moved around, 
by using a rotary or slide switch, if 
required. 

As already stated earlier, the circuit 
is designed to take either the 7106 or 
the 7116. For the 7106 wire links 
are required across points A and B and 
06, as shown on the component overlay 
illustration of the printed circuit board. 
In the case of the 7116, link 06 is 
removed and replaced with a link on 
points ‘16’ Should you then require 
the ability to freeze (hold) the display 
reading, link AB has to be replaced with 
a simple on/off press button switch. 


——— 


parts list 


Resistors: 

R1=472 

R2= 100k 

R3= 47k 
R4,R5,R6=1M 

R7= 220k 

R8= 180 k* 

R9 = 390 k* 

R10 = 5k6 (2k2)* 

R11 = KTY 10 (TSP102) 
P1,P2= 100 k multi-turn preset 


Capacitors: 
C1=4u7/16V 
C2=100n 
C3 = 100p 
C4 = 220n 
C5=470n 
C6=10n 


Semiconductors: 

T1 = BC547 

D1 = zenerdiode 10 V/1 W 

1C1 = 7106, 7116 

1C2 = 4070 

LCD: 3% digit-type, for example 
Hamlin 3901 or 3902 
Hitachi LSO07C-C or H1331C-C 
Norsem NDP 530-035A S-RF-PI 


Miscellaneous: 

S1 = single pole switch 

S2= single pole switch or key for 
hold function (only for 7116) 

battery clip for 9 V battery 

housing: Vero, type 65-2996H 


* metal film is preferred 


Keep in mind that this facility is not 
available when using the 7106. 

The sensor can be connected to the 
circuit by means of ordinary insulated 
wire, the length of which is not critical. 
In fact anything up to 30 metres is 
possible without difficulty. For re- 
liability we suggest encapsulating the 
soldered connections of the sensor 
with epoxy resin or glue. 

A PP3 type 9V battery is ideal for 
the power supply, as it has the advan- 
tage of fitting nicely into the battery 
compartment of the Vero case. 
Constructors wishing to feed the circuit 
from the mains, can install a miniature 
supply socket next to the battery, to 
cater for a 9 V mains adapter. Figure 3 
clearly illustrates how this should be 
wired. The battery supply will be 
automatically cut off immediately a 
power plug is inserted. 

A single bolt or screw with a spacer 
ensures the circuit is firmly fixed into 
the case. A piece of clear perspex in 
the window of the case will protect the 
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Table 1 


Nominal resistance value of the several types 
new indication KTY10 


suffix Heeitrenve value old indication KTY10, KTY11-1, KTY11-2 


3 19102 +1% suffix resistance value 


fc 
-4 1940 2+ 1% ato © 

5 19709211% A 200024 1% 
6 2000241% B 20002 2% 
7 2030221%  C 20002% 5% 
8 2060221%  D 2000+ 10% 


=9 2090 2 + 1% 


TSP102, TSF102, TSU102 


. jistan: 
nuttin resistance value 


Table 3 


Housings of the several types 
KTY10, TSP102 


The housing most frequently used. 
The setting time is 30s to 63% of 
the final value and 150 s upto 99% 
in silent air. 


Housing A 

KTY11-1, TSF102 

This is a smaller version with 

screw connection, The settable time 
is 7s to reach 63% of the final 


value, 


Housing B 


at 25°C KTY11-2, TSU102 
5 1000 2+ 1% F 
G 1000 2+ 2% The same case as housing B, 
J 1000 2+ 5% but without screw fastening 
K 1000 2 + 10% 
Housing C 
Table 2 display. The switches, sockets and so 


Serial resistance for KTY sensors 


temp. range Rgeries lin, error 


—20...+ 40°C 5k6 = +0,08.. .—0,04°C 
+40...4+100°C 8k2 +0,03... —0,02°C 
+60,..4140°C 10k  +0,07...—0,04°C 
—20...+130°C 6k8 +06 ...—0,6°C 
—50...+150°C 6k8 +1 ...-1°C 


Serial resistance for TS .. . 102 sensors 


temp. range Rseries lin. error 
—25...+ 45°C 2k2 cee 

0...+100°C 2k6 +0,05 .. .—0,07°C 
—55...+125°C 2k5 +0,3 ...—0,2°C 


forth can be mounted in the power part 
of the housing. ui 

The current consumption of the circuit 
when using the most commonly avail- 
able sensor (TSP102) is only 2mA. 
Several sensors, which are activated 
consecutively by a separate switch can 
also be used. To do this correctly, 
sensors have to be selected for equality, 
otherwise errors in measurement 
readings will occur, 


Calibration 


Perhaps we have been a little too quick 
to explain how to install the circuit 
into the case, because first of all it has 
to be calibrated. 

Initially the sensor has to be placed into 
a small cup of chopped melting ice. The 
cup should contain more ice than water, 
and the water must cover the ice com- 
pletely. Give the sensor time to react 
(about 5 minutes), and turn P1 until 
the display reads 00.0. P2 sets the scale 
factor. How this is adjusted depends on 
the measuring range required. For lower 
temperatures (25°C to +45°C), P2 can 
best be calibrated using a normal 
thermometer. Insert both thermometers 
into a bowl of water having a tempera- 
ture of around 36...38 C, give the 
sensor a little time to react, and then 
set P2 so that the reading on the display 
corresponds. 

Higher measuring ranges can be cali- 
brated by suspending the sensor in 
boiling water, and then adjusting P2 
until the readout is 100°C. The only 
critical aspects of this procedure are to 
ensure that the water really is boiling 
and that the sensor does not touch the 
sides, or bottom of the kettle. 

Finally as you have completed the 
circuit, why waste the hot water. Make 
a nice cup of tea and relax. | 
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Measuring distances is not difficult, 
especially when the right equipment 
is available. Modern technology has 
certainly done away with the old 
comical approach of measuring the 
shelf size by spreading your arms out. 
For short distances a simple ruler will 
do, but, in surveying, everything from, 
chains, theodolites, and sonic equip- 
ment is used. 

The main advantage of using ultrasonic 
sound is, that the need for any mechan- 
ical parts is completely eliminated, 
simplifying construction considerably. 
In practice we found the circuit to be 
accurate upto about 10 metres, which 
is very good considering the circuit is 


ultrasonic 
distance 
measurement 


a good starting point for experimentation 


There are several ways to measure distances. The method adopted 
depends not only on what is being measured, but also on your 


occupation. 


The circuit described utilises ultrasonic sound, working on the principle 
that as, sound travels through the air at a known speed, the time taken 
and therefore the distance travelled between two points, can be easily 


determined. 


only a_ starting point for further 
experimentation. 

Before going on to describe the circuit 
in any great detail, it is interesting to 
know a little about the definition of 
a ‘metre’, and in the various ways the 
standard has been arrived at over the 
last 300 years. 


Exactly one metre 


The ‘metre’ started life around 1792. 
At sometime during that year it was 
decided to define the standard as: one 
millionth part of one quarter of the 
éarth’s peripheral circumference. Fine 
in theory, but, totally inaccurate in 
practice. Scientists soon found out that 
the circumference of the globe was 
constantly changing. 

A new standard was determined in 
1799, and seemingly quickly forgotten, 
as far as the history books are con- 
cerned. The next one to be recorded 


and kept to appeared in 1889, a mere 
90 years later. This was made of a 
mixture of platinum and iridium. It is 
this reference standard which can be 
seen in Sevres, near Paris. Rumour, at 
the time, gave the idea (unjustifiably) 
that the standard was based upon the 
hight of Napoleon II and as his stature 
was diminishing with every military 
defeat, it could not be accepted. For 
whatever reason (perhaps best left 
unsaid) the rest of the world continued 
to search for a more accurate standard. 
As most of you are aware one particular 
country in europe (remaining nameless), 
took nearly 300 years to even come to 
terms with the fact that a metre even 
existed. 

At the beginning of the twentieth 
century, scientists started to look at 
the possibility of using the wavelength 
of light to define the metre. Conse- 
quently the cadmium lamp became the 
international standard for spectroscopy 
in 1927. For the uninitiated, this means 
the study, measurement, and analysing, 
of rays, light and other phenomena by 
optical means. The actual unit of 
length was defined as the Angstrém 
(1 A= 107° m). Even this was not 
good enough for certain applications, | 
although it is still used as a secondary 
definition. 

The modern standard was established 
in 1960 using the wavelength of a 
krypton lamp, which as a matter of 
interest was not supplied by the famous 
strip cartoon gentleman. 

The metre is defined as equaling 
1650763,73 wavelengths of radiation 
(measured in a vacuum) released by 
Krypton isotope 86KV during its 
transition between 2pio and 5ds.1 
The multiplication factor remained, | 
because scientists still wished to relate 
the new standard to the old original 
one. | 
A new way of defining the standard is 
now emerging, using the helium-neon. | 
laser, and so it will not be long before | 
a more complex result will be | 
accepted, | 
It is a fact of life that the more ad- 
vanced our technology, the more 
accurate any standard measure has to 
be. 


Measuring distances 

To summarise, the ways that distances 
are normally measured can be placed 
into three main catagories. 

@ mechanically 

@ optically 

@ electronically 

The mechanical method does not need 
explaining, as the tools are rather 
obvious. 

Optically, distances are measured in a 
trigonometric way (triangles). 

Last but not least we have the electronic 
system of measurement. Nearly all 
methods use some form of radiation 
like radio waves, light, sonic or infra- 
red rays. As the propagation speeds 
of all of these are known, it is a matter 
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Figure 1. The circuit diagram of a system for measuring distances developed by Polaroid, 

operating with ultrasonic sound. An ultrasonic pulse is transmitted by a transducer, which 
then receives the reflected signal. The digital parts of the circuit convert the time taken for 
the transmitted pulse to travel to and fro, into distances. It then adjusts the camera lens to 


bring it into focus. 


EEE 


of determining the time taken for a 
waveform to travel between two points. 
Infra-red radiation is mainly used for 
great distances (a number of miles), as 
it is relatively simply to modulate. 
Electronic equipment has been used to 
measure distances of 60 miles and 
above, but the effectiveness of such 
systems depends on a number of factors, 
such as atmospheric conditions, visi- 
bility and so on. 

With the advent of space technology, 
lasers are used in combined electro- 
optical systems to determine the hight 
at which satellites are orbiting the 
earth, 


In practice 

All the methods so far described are 
mainly used to measure great distances. 
The average man in the street, certainly 
does not require sophisticated equip- 
ment to decide the size of his living- 
room carpet, unless of course he lives 
in a mansion house or castle. 

There is one popular hobby in which 
the accurate measurement of distances 
is very important; photography! As we 
all know, it is essential to determine the 
exact distance between the subject 
being photographed, and the camera, 
otherwise the lens cannot be adjusted 
correctly for focus. The industry 
supplies quite a lot of aids and equip- 
ment which overcomes this problem. 
Most cameras utilise some form of 
optical trigonometric system, with two 
or more indicators within the view 
finder which have to be aligned by 
rotating the range adjustment of the 
camera. Reflex cameras for instance, 
use a complex network consisting of 
a fronted glass, a wedge frame and 
tiny prisms. 

During the last few years, a number 
of manufacturers have introduced the 
automatic focusing camera. Quite a 
few employ a system of mirrors and 
prisms, with an electric servo motor 


moving the lens accordingly. Some are 
even equipped with an infra-red LED 
and lens enabling the camera to be 
automatically focused at night. 

A recent development, worth a closer 
look is the new sophisticated system 
introduced by Polaroid. 


The Polaroid system 


When considering automatic focusing 
cameras, the Polaroid system is some- 
thing really special, in as much as it is 
the only one using ultrasonic sound. 
A large honey-comb patterned gold 
coloured disc on the outside of the 
camera casing acts as the transducer 
(transmitter/receiver) for the sonic 
pulses. 

Figure 1 illustrates the actual distance 
meter contained within the camera. 

The transducer sends out a ‘burst’ of 
1 ms duration. This consists of a series 
of pulses each having a different fre- 
quency, four to be precise (60, 57, 
53 and 50kHz). The reason for so 
many frequencies is that it is possible 
for a particular frequency to be ab- 
sorbed, rather than’ reflected, by the 
subject being photographed. The chance 
of this happening depends on the shape 
and material of the topic. So, rather 
than putting all the eggs in one basket, 
by transmitting four frequencies, the 
reflection of at least one is ensured. 


The transducer then switches over to 
reception immediately the burst has 
been transmitted. The reflected signal _ 
it receives is then amplified and fed to a 
digital circuit which determines the 
time interval between transmission and 
reception. The circuit processes the 
signal and in turn controls a servo 
mechanism, which adjusts the lens to 
the correct focus setting. The gain 
of the receiving amplifier can be varied 
(in 16 steps), dependant on the distance 
the signal (burst), has had to travel. 
Obviously the greater the distance 
between camera and subject, the weaker 
the signal. 

The system is proven and therefore 
functions well and accurately. It is 
effective up to a maximum of 10 metres, 
which is more than sufficient for 
normal photographic purposes. 


The ultrasonic distance meter 

The Elektor design team have combined 
their thoughts, together with the ideas 
contained in the Polaroid innovation to 
come up with an ultrasonic distance 
meter. 

As mentioned earlier sound, ultrasonic 
or otherwise has a known speed through 
air. Therefore the time taken to travel 
from transmitter to subject and back 
again can be used to determine the 
distance. The transmitted ‘burst’ 
supplies a start pulse to a counter 
which operates at the same frequency 
as the propagation speed of sound 
in cms per second. The received re- 
flected signal provides the stop pulse. 
The counter would therefore give the 
distance over which the Burst has 
travelled. This value would obviously 
be twice the distance between the 
object and the transmitter, so, a simple 
division by two would give us the 
correct answer. 

Figure 2 illustrates in block diagram 
form what we have just described; 
transmitter, receiver, counter with 
readout, and an oscillator switched 
on and off by the transmitted and 
received pulses. 


The circuit diagram 

The circuit diagram of the complete 
circuit is shown in figure 3. The trans- 
mitter consists of gates N1 and N2, 
which together form a bridge circuit. 
The ultrasonic transducer US1 is con- 
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Figure 2. The block diagram of the ultrasonic distance meter. An oscillator starts sending 
pulses to a counter, when the ultrasonic ‘burst’ is transmitted. The received pulse stops the 
oscillator, so that the number of pulses counted indicate the distance measured, (assuming 


that the correct oscillator frequency was used). 
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Figure 3. The circuit diagram of the distance meter. The receiver stage is situated at the top 
left hand side with the transmitter immediately below it. Within the dotted section on the 
right is the counter and display. The oscillator is constructed around IC3. 


34380 (cm/s) 


ultrasonic distance meter 


nected between the two gate outputs 
to ensure an a.c. voltage 18 Vpp exists 
across it (with a supply of gy. N1 
also acts as an oscillator, which is 
switched on and off via N3. Its fre- 
quency, set by P1, depends on the type 
of transducer used. This particular 
design has a 40 kHz type from TOKO, 
but, there are others that will do the 
job. The oscillator frequency is adjusted 
by P1 to as near 40 kHz as possible 
as this is the point at which the trans- 
ducer reaches its maximum efficiency. 
The receiver has been kept simple 
because of the experimental character 
of the circuit. Two consecutive emitter 
circuits (T5 and T6), amplify the signal 
received by US2. T7 operates as a 
threshold detector, as it only conducts 
when its base voltage is lower than 
the supply (-6 V). To put it another 
way; T7 conducts when the a.c. voltage 
(measured at the wiper of P2) exceeds 
1.2 Vpp. A further oscillator is con- 
structed using IC3 and its surrounding 
components (R17, R18, P3 and C9). 
IC3 is in fact a 2'4 divider with built 
in oscillator. 

The frequency is set to 17190 Hz 
using P3, since the speed of sound is 
343.8 m/s at a temperature of 20°C; 


3 = 17190. 


The 2% digit DVM published in our 
February 1981 issue is used as a counter 
with readout. IC1 (counter, latch and 
display control) directly drives the 
displays Dp2...Dp4, which are 
multiplexed by IC1 via transistors 
T2...74, I1C2 feeds a stabilised 5 V 
supply to the counter and display 
stage of the circuit. 1C1 is able to drive 
4displays, but Dp1 and T1 (from 
original DVM circuit), are omitted, as 
only three are required here. 

Nearly all the other components in 
the circuit are needed to synchronise 
the various stages. The importance of 
correct timing is illustrated in figure 4. 
This denotes the differing pulses and 
frequencies present at various points 
in the circuit. 

With an oscillator frequency of 
17190 Hz, output 014 of IC3 will 
have a signal frequency of approxi- 
mately 1 Hz, (17190/2'*). This output 
is connected to the latch input of 1C1 
via a monoflop (N6, R19, C10) and also 
to the reset input via inverter N7 and a 
second monoflop (N8, R20, C11). With 
the arrival of a negative going edge at 
Q14, a short pulse is fed to the latch 
input. A positive going edge at Q14 
supplies the reset input with a pulse 
instead. The signal from Q14 is inverted 
by N7 and fed to 2 further monoflops; 
one (N3, R10, C5) driving the trans- 
mitter and another (N4, R11, C6) 
connected to the reset input of flip-flop 
FF1. The clock input of FF1 is connec- 
ted to T7 and its O output to N5. 
Therefore I1C1 gets a reset pulse with 
every arrival of a positive going edge 
at the Q14 output of 1C3, automatically 
zeroing the counter. At the same time 
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the monoflop around N3 is activated 
(with a negative going edge at the 
output of N7), thus releasing a signal 
from the transmitter/oscillator for 
0.3 ms. During this time period US1 
transmits about 12 (40Hz) pulses, 
which are then reflected by the subject, 
and received by US2. Simultaneously, 
the moment the ultrasonic signal is 
transmitted, FF1 is reset and held by 
monoflop N4 (almost 2ms). Conse- 
quently output © becomes logic ‘1’ 
and the signal from the 17190 Hz 
oscillator is fed to the counter (1C1) 
via NS. Once the received and amplified 
sonic signal (burst) reaches the clock 
input of FF1, output © becomes 
logic ‘0’ with N5 blocking the counter 
input of 1C1. The counter now contains 
the actual distance measured in cms. 
N6 activates the latch moving the 
contents of the counter into the latch, 
which is then displayed. The counter is 
reset by the next positive going edge 
at Q14 allowing a new measurement 
to be taken. The previous readout 
remains on display until the information 
from a new measured distance arrives. 
New readings can be taken every 
second. 

There are some further aspects of the 
circuit which need a further expla- 
nation. US2 will of course pick up the 
transmitted signal immediately, unless 
we do something about it. If we do not 
avoid this the counter will be cut-off 
straight away defeating the whole 
exercise. We get over this problem by 
ensuring that the mono-time of N4 is 
considerably longer than the time it 
takes to transmit the ‘burst’ (2 ms). 
During this time frame the flipflop 
remains in the reset position, not 
caring whether a signal is present at 
the clock input or not. After the 2 ms 
FF1 is released so that the circuit does 
not confuse a reflected signal with a 
direct one. The only drawback of this 
inbuilt delay is that distances less than 
35 cms cannot be measured, so you 
will have to rely ona ruler. 

The circuit does not include an AGC 
in the receiver stage or an automatic 
error compensator (comparing a number 
of consecutive readings for the same 
distance), in order to keep it as simple 
as__ possible. 


Constructional points to consider 


The counter and display stages can be 
mounted onto one of our ready made 
printed circuit boards, as listed in the 
EPS lists as number 81105-1, (first 
issued in February 1981). Remember 
that Dp1, T1, C2a and C2b illustrated 
on the component overlay of this board 
are omitted. One side of R8 is fed to the 
decimal point (Dp2) the other to 
ground. Pin6 of IC1 must also be 
connected to ground. 

We suggest using veroboard for the rest 
of the circuit. Keep wiring as short as 
possible and the transmitting/receiving 
stages separated from each other. The 
two transducers are mounted side by 
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Figure 4. This figure denotes the different pulses and frequencies present at various points 


in the circuit. 


side, (not touching) both facing exactly 
the same direction. We advise the use 
of flat 4.5 V batteries as a mains supply 
may cause stability problems. Power 
consumption is rather high at 250 mA, 
but this cannot be avoided when using 
a LED display. The use of an LCD was 
discounted as being too expensive for 
just an experimental circuit. Even so, 
the batteries should still have a long 
life simply because the circuit .would 
normally be used a few seconds at a 
time. 

The correct operation of several com- 
ponents and stages can be checked 
without the need for a scope. Interrupt 
the connection between N5 and the 
clock input and connect the latter to 
pin 4 of IC3 (output Q8). The display 
should then read 128. When the clock 
input is shorted to ground the display 
should read 000. This is a good way 
to check both the display and oscillator 
stage around IC3. The transmitting 
function can be checked quite easily, 
just by listening to US1. Although the 
actual 40 Hz signal cannot be heard, 
the ‘burst’ will be heard as a soft.click, 
(one every. second). Should you happen 
to hear Radio 3, then something is 
certainly wrong. In that case write to us 
and tell us how you did it! Testing the 
receiver is not easy, but you can assume 
all is well when the d.c. voltage at the 
collectors of T5 and T6 is approxi- 
mately 4.5 V. 


Once all this is done then the complete 
circuit can be tested and calibrated. 

Turn the wiper of P2 to maximum, and 
take a note of the reading. This is 
produced by the counter between the 
reset and latch pulses, which are always 
half a second apart. It is important to 
remember that this reading will always 
be displayed when the receiver does not 
pick up a reflected signal. Now aim the 
circuit at an object like a closet, which 
is one metre away and has a vertical area 
of at least one metre square. Slowly 
rotate P2 backwards, until a certain 
point is reached when the display reads 
approximately 1 metre. Should this not 
occur and the read out is in the range of 
40 to 60, then the transducers will have 


to be placed further apart, and a higher 
value capacitor used for C6. Once a 


“setting of P2 is arrived at, which corre- 


sponds to a reading of 1 metre, we can 
go on to the next stage, which is to set 
the 40 Hz frequency. 

Keeping the circuit in the same position, 
rotate P2, clockwise until the display is 
blank. Now rotate P1, until a reading is 
once again displayed. This procedure is 
repeated until it is no longer possible to 
blank out the display by any further 
adjustment of P2. Reposition the 
circuit a measured distance of let us 
say 5 metres from the subject and reset 
P2 only until the correct reading is 
displayed. 

Finally position the circuit an exact 
distance (3 metres) always from the 
same subject, and adjust P3 until the 
display indicates the correct reading, 
and that is it! 

We obtained very good results with 
the prototype. The accuracy was 
+2cm at a maximum distance of 
7...8metres. The accuracy is de- 
pendant on the ambient temperature, 
air pressure and humidity, as these 
factors, influence the speed of sound. 
The range of the instrument can be 
extended by increasing the gain of 
the receiver and by increasing the 
transmitting voltage. Equiping the 
meter with an offset adjustment (to 
correspond to the length of the meter 
housing), will allow wall to wall 
measurements. 


This particular design can also be 
used in a car, so that the driver is 
always aware of the distance between 
himself and a wall or other vehicle. 
Very useful when trying to park! 
In fact this idea has already been put 
into practice by certain manufacturers, 
Any reader wishing to do this can 
modify the circuit quite easily by 
substituting the display for an acous- 
tic indication. A series of rapid bleeps, 
which increase in number as the 
distance decreases, until a continuous 
tone is heard, advising an immediate 
halt, (unless you want to pay the 
repair bill that is). 
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electrolytics run dry 


When deciding which capacitors to use, 
consideration should be given to re- 
liability, the permissible range of oper- 
ating conditions, size and so on. Size is 
important especially when building high 
density circuits, and last but not least 
price. Keep in mind, that, any need for 
special current limiting resistors is going 
to increase the overall cost of using 
tantalums. Even so, tantalum capacitors 
are used widely, where the operating 
characteristics of the capacitor is critical. 
Quite a few Elektor circuits specify the 
use of tantalums, and not just because 
they are small and good to look at. 
They have a stable capacitive value, and 
a long shelf life. The impedance is vir- 
tually unaffected by frequency changes. 
So, on the face of it tantalums are ideal. 
However, they do have one major draw- 
back; price! 


applications, and certainly fell down, 
for high frequency designs. 

From the offset for many applications 
the tantalums did not have too much 
competition, and with the craze for 
miniaturisation they filled a need 
straight away. The biggest factor 
initially in favour of tantalums was this 
question of shelf life. Even after years 
of storage, their current leakage, and 
value remain unchanged. In fact their 
shelf stability is about 100 times better 
than the wet aluminium type. 

Apart from everything so far explained 
the tantalums were not embarrassed by 
temperature. The wet electrolytics are 
affected quite considerably by tempera- 
ture, causing large increases in the 
leakage current level. It is this failure to 
dissipate heat that causes their mediocre 
conductance, 


electrolytices run dry 


everything you wished 
to know! 


So far for many industrial and 
professional applications wet 
electrolytics and tantalums have 
ruled the roost. With new 
innovations and technological 
advancements, it is now possible 
to use alternatives which can be 
cheaper and more reliable. Many 
factors need consideration when 
making the right choice, anda 
good knowledge of the merits and 
limitations of the different types 
available is useful. 

In fact a comparison shows that 
the new solid aluminium 
electrolytics, can be used as 
alternatives for tantalums, and in 
many respects can be seen to be 
better. 
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Figure 1, Diagram of the structure of 
tantalum electrolytic. 


With such an incentive as this, some 
type of alternative was needed. 

With the constant improvement in tech- 
nology, coupled with energy saving and 
the conservation of natural resources, 
many experts started to question the 
sanity of using tantalum for capacitors. 
Tantalum is now in limited supply, as 
with everything else, and its price is 
increasing by leaps and bounds. So, why 
use tantalums? 

We must first of all keep in mind that at 
the time that they emerged onto the 
market, the only other type, with which 
they could be compared, were the wet 
aluminium electrolytics. These were and 
still are inexpensive, but are generally 
larger than any solid counterpart and 
suffered from a relatively short shelf 
life. By this we mean, that after long 
storage, their leakage current increases, 
and can only be restored to its original 
value by post-forming. Also, if they are 
used close to their maximum operating 
temperature, their life expectancy, 
which is normally far less than solid 
types, is curtailed even. more. The wet 
type could not be used in certain new 


By comparison the tantalums have a 
wide operating range as far as tempera- 
ture is concerned, making them suitable 
for filters and oscillators. Hence the 
reason why they are widely used in 
Elektor designs. 
Most of you by now must probably 
think that the writer must be com- 
pletely sold on tantalums. Not so! They 
do have, what can be termed as incon- 
veniences, rather than faults or disad- 
vantages: 
@ The voltage level they can sustain 
when connected the wrong way 
round is extremely small, even for a 
very short interval. They breakdown 
rapidly and can explode easily. 
@ Their a.c. voltage performance is 
poor and further diminished at high 
frequencies and temperatures. 
@ The charge/discharge rate resistance 
is 3 Q/V, making it necessary to use 
series resistors. 
@ A surcharge, whether it is of a 
thermo, current, or voltage nature, 
will cause immediate breakdown, short 
circuiting and a possible explosion. 
@ The price of each item is quickly 
approaching prohibitive levels. 
All in all tantalums are certainly not 
perfect, mind you what is these days! 
Should series resistors not be used in 
order to limit the charge/discharge rate, 
then the results are always fatal. This 
is because field crystallisation will 
occur, causing short circuiting. 
At the beginning of the article we ex- 
plained all the advantages of using 
tantalums; impedance, heat dissipation, 
life span, high frequency performance 
and so on. But, it seems that it did not 
take us very long to arrive at the con- 
clusion that even these are not as good 
as we would wish. As with many things, 
it is a fact of life that the more you use 
something the less appealing it becomes. 
Notice that we do not say everything, 
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since the good things in life are always 
welcome. 

Luckily the capacitor manufacturers 
have not stood still and have come up 
with a relatively new development. 
Using deeply-etched foil an axial-lead 
solid aluminium electrolytic has been 
created, achieving a high CV density 
making them less expensive replace- 
ments for tantalums. Although they are 
not going to depose the latter com- 
pletely, they will be very widely used in 
a variety of industrial and professional 
equipment. 


Solid aluminium capacitors 

The solid aluminium electrolytic has a 
comparable performance with the tan- 
talum type, but not only is it cheaper, 
but it does have a few advantages. 
Figure 1 


shows the different com- 


Figure 5. Stability of the main electrical 
parameters of the three types of electrolytic 
as a function of time. The curves are for a 
0.1 nF item measure at 85°C. 
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Figure 3, Structure of a solid aluminium electrolytic. 
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Figure 4. Impedance as a function of frequency with capacitor type as a parameter. All capaci- 


tors are 33 uF, 10 V. 


ponents which go to make a tantalum. 
There are a lot of similarities in con- 
struction with the solid aluminium type 
(SAL). Looking at figure 1, you will 
note that the former has layers of silver, 
graphite and manganese dioxide (MNOz) 
which form the cathode. Then comes a 
dielectric layer and finally the anode 
made of tantalum. This is sintered to 
the tantalum oxide (dielectric layer). 
Figure 3 shows the make up of a SAL. 
The cathode is composed of the same 
materials as the tantalum. The real 
difference between the two lies in the 
fact that, the anode is composed of 
deeply etched aluminium and that the 
dielectric layer is aluminium oxide 
AL203. Hence the remarkable conduc- 
tivity of the solid aluminium electro- 
lytic! 

These SALs, to coin a phrase, are very 
robust to say the least. They can operate 
near their maximum temperature ratings 


without shortening their life span, and 
do not have any catastrophic failure 
mechanism. In other words they are not 
going to blow-up in your face at the 
wrong moment. An added bonus is the 
fact that series resistors are not needed. 
The values already available are in the 
range 47...1000uF and one major 
manufacturer has proposed to make 
smaller ones with 0.22...47 uF, but, 
it may take some time before these are 
available. 

They are slightly larger than their 
equivalent counterparts, and although 
being less expensive than tantalums they 
are marginally more costly than the wet 
type. 

Present applications include telecom- 
munications, space programs, and power 
stations. Their small size and robustness 
make ideal for the automobile industry. 
Because they are being improved upon 
all the time, a rosy future lies ahead of 


them. 

To summarise the main characteristics 

of the SAL are: 

@ Lower price. 

@ Their voltage rating remains un- 
changed throughout the operating 

range, even at high temperatures (—80 

to 175°C). 

@ The allowed d.c. voltage (reversed) is 
around 33% of their rated voltage. 

® Does not require current limiting. 

® a.c. voltages (up to limits) can be 
handled and do not adversely affect 

their performance. 

@ Their impedance fall more steeply 
with increasing frequency than any 

other type. 

@ They can withstand 50/100 Hz a.c. 
voltages up to a level which is 80% 

of their d.c. rating. 

@ Temperature stable, and low failure 
rate coupled with longevity. 
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photometer, 
temperature meter 
and process timer 


darkroom computer 


Readers who have already read the 
‘instructions for use’ in the previous 
issue, will have a pretty good idea of the 
capabilities of the darkroom computer. 
However, before all the available 
features can be used the necessary 
accessories have to be constructed. In 
this case there are three such circuits; to 
measure light, temperature and a time/ 
sequence indicator. 

The processor timer is little more than 
a box containing a series of LEDs in 
a line giving an optical indication of 
the passing of time. After all, it is nice 
to know how much longer a particular 
photograph has to remain in the devel- 
opment tank of bath, rather than panic 
at the last moment when the acoustic 
alarm is heard. The rows of LEDs, in 
efect, indicate the amount of time that 
has elapsed since the start button was 
pressed. How long each LED remains 
lit and at which point the buzzer 
sounds is determined by the computer. 
The alarm can sound after 15 or 25 
LEDs have consecutively lighted, de- 
pending on the time frame decided 
upon. 

The light meter is used to establish the 
correct exposure of the paper and 
check the contrast of a negative. A 
special colour corrected diode converts 
the quantity of light it detects into a 
pulse width modulated (PWM) signal, 
which is then fed to the computer. 

The electronic thermometer keeps a 
continuous check on the temperature 
of tanks and baths, and is accurate to 
+0.1°C. This kind of accuracy is 
achieved by using a sensor with ex- 
cellent linearity properties. 

Each individual circuit has its own 
specially designed printed circuit board, 
with provision for mounting all com- 
ponents. The circuits are all separately 
housed and are connected to the com- 
puter with multi-way ribbon cable. 


The process timer 


The circuit of the process timer, as 
illustrated in figure 1, consists of 
25 LEDs and two four-to-sixteen 
decoders. The address inputs of 
IC1 and IC2 are connected to lines 
PB@...PB4, whereas, the LEDs are 
connected to outputs 1...15 of 
1C1 and 0...9 of IC2. The operation 
is straightforward. The binary code 
(which LED lights when) is fed to lines 
PBO...PB4. PB4 is logic ‘0’, enabling 
1C1, that is to say as long as the binary 
number is below 16. When the binary 
number is between 16 and 25, then 
PB4 will be logic ‘1’ and IC2 will be 
enabled. 

The LED display is multiplexed in the 
interests of the power supply. During 
2.5 ms the first code for the first LED 
is put onto lines PB@...PB4, and 
during the next 2.5 ms the code for the 
second and so on. If only one LED is 
‘running’, during the second time 
period a ‘0’ will be on lines PB@. . .PB4, 
and as output o of IC1 is disconnected 
nothing will happen. 
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The  set-reset flip-flop, constructed 
around N1 and N2, is on the left-hand 
side of the circuit diagram. This flip-flop 
really acts as a noise suppressor_for 
switch S1, and is linked to the NMI 
connection of the processor. Depressing 
$1, the flip-flop supplies the NMI line 
with a negative going edge, which starts 
the process timer program and lights 
the first LED. Pressing S1 a second time 
starts a second LED ‘running’ at a time 
interval from the first, enabling two 
processes to be timed. If S1 is then 
depressed a third time, nothing will 
happen. Programming the timer is 
described in the constructions for use 
published in the previous article 
(part 1). The oscillator and piezo buzzer 
is activated when a logic ‘1’ appears on 
line PB6. Potentiometer P1 adjusts the 
output volume of the buzzer. 

One aspect of the total process timer 
is important. After having read both 
articles it becomes apparant that there 
are in fact two timers. One, let us call 
it the second one is included in the 
computer, whereas, the first ( a separate 
one) forms part of the remote circuit. 
This first timer works completely 
independantly of the second and 
therefore the computer, which allows 
all the other facilities to be utilised 
without interruption; ligth and tem- 
perature measurements, the running of 
the second timer and so on. 


The light meter 


As can be seen by looking at the circuit 
diagram in figure 2, the light meter is 
the smallest accessory. However, it 
would be a mistake to assume that it 
is also the simplest. After all the dif- 
ferences in light levels to be measured in 
any darkroom are going to be very small 
indeed! It is therefore essential to have 
a good quality sensor such as the 
BPW 21. This particular photo diode 
has almost the same light and colour 
sensitivity as the human eye, which 
makes it also suitable for colour defi- 
nition measurements. Further more its 
conversion of light to current is 
extremely good, as far as linearity is 
concerned (range of 10°? ...10° lux). 
A photo diode reacts very quickly to 
changing light conditions, in contrast 
to light dependant resistors (LDRs) 
which need a considerable amount of 
time to adjust especially in low levels 
of light. 

The current flowing through the photo 
diode is proportional to the intensity 
of light. So that the processor can 
handle the information, the current has 
to be converted into some form of 
digital signal. The simplest solution was 
to use a current to PWM converter. A 
closer look at figure 2 may give the idea 
that the photo diode is short circuited, 
after all it is connected between the 
ground and the inverting input of IC1. 
This is correct, because this forms a 
virtual earth connection due to the 
feedback loop via IC1. This technique 
is used to ensure that the operation of 
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Figure 1. The circuit diagram for the process timer. The passage of time is displayed by means 
of 25 LEDs. 
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Figure 2. The circuit diagram of the light meter. The somewhat unconventional use of T1 is 
explained in the text. 


10-32 — elektor october 1982 


darkroom computer 


the diode is independant (as much 
as possible) of ambient temperature 
changes. The current supplied by the 
photo diode to IC1 ensures an increase 
in the output voltage of the IC. The 
speed at which the voltage increases is 
directly proportional to the rise in 
current, and therefore to the intensity 
of light. The output of IC1 is fed to a 
7555 timer (a CMOS 555 timer). The 
input of the timer remains logic ‘1’ 
as long as the input voltage of IC2 does 
not exceed 3.33V. At this level or 
higher, the output is pulled low (‘0’), 
only returning to logic ‘1', when the 
input voltage becomes 1.66 V or lower. 
Supposing an output voltage from IC1 
slightly below 1.66 V, then the output 
of IC2 will be logic ‘1’. In this case FET 
T2 will conduct and FET T1, which is 
connected as a diode will cut off. 
However, the voltage level at the output 
of the integrator (IC1 and C1) increases, 
due to the current supplied by the 
photo diode. As soon as the output level 
reaches 3.33 V, the output of IC2 will 
change (to logic ‘0’), T2 will switch off 
causing a current to be fed to C1 via R2, 
T1 and R1. This current not only flows 
in the opposite direction, but, is also 
much stronger that that supplied by the 
photo diode. As a result the output 
voltage level of IC1 will reduce, very 


quickly. Consequently when the output 
of IC1 reaches 1.66 V, the output of 
1C2 will return to a logic ‘1’, causing T2 
to conduct and T1 to cut off again. As 
the current from D1 is integrated, the 
output voltage increases again starting 
the complete sequence all over from the 
beginning. The events just described are 
repeated continuously. The point of all 
this, is that it establishes the fact that 
the output of IC2 only remains as 
logic ‘1‘ during the integration of the 
photo diode current. Therefore the 
length of time during which a logic ‘1’ 
situation exists is proportional to the 
intensity of light detected by the 
photo diode. The greater the intensity 
the shorter the time! 

The only thing left for the processor 
to do is to decide upon the width of 
the pulses in order to calculate the 
right exposure time. The processor 
determines the average value by sam- 
pling the pulses supplied during 2 
seconds. In this way any measurement 
cannot be influenced by any 100 Hz 
modulated light source, such as the 
lamp of the enlarger. Remember that 
this lamp is controlled by a 50 Hz a.c 
voltage supply. 

Some readers may still be puzzled as 
to why a FET (T1) is used as a diode. 
The voltage drop between the drain and 


source of T2 is still a few millivolts 
when it is conducting. Therefore T1 
prevents any current flow through R1, 
no matter how small. Should current 
flow via R1 any measurement will be 
cancelled out, since the current through 
the diode is still about 100 pA, with 
low levels of light. At low voltages, a 
FET connected in this way has a much 
lower voltage leakage than any normal 
diode. For example at 200mV, a 
BF256A used in this way has a current 
leakage of 20 pA, whereas a 1N4148 
would have about 12nA! Quite a 
a difference! 

With such low current levels a very low 
leakage integration capacitor is also 
necessary. A type which has a time 
constant of more than 100s should be 
used for C1. In other words the internal 
leakage resistance multiplied by the 
capacitance must exceed 100s. The 
input current of IC1 is typically 2 pA, 
with a supply voltage of 5 V, which 
means it does not need to be taken 
into consideration (negligible). 


The thermometer 

The electronic thermometer also works 
under the same principle of pulse 
widths. The sensor in this circuit is an 
LM 335, which is in effect a temperature 
sensitive zener diode. The voltage 
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Ri 
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Figure 3. The circuit diagram of the light meter. The resistors marked with an asterisk should be metal film with a 1% tolerance to ensure 


accurate readings. 
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Figure 4. The printed circuit board for the process timer has been designed to fit the BOC 430 


case from West Hyde. 


supplied by this diode in mV is equiv- 
alent to ten times the temperature in 
degrees kelvin, so that at OC (273 K) 
the diode voltage is 2.73 V. The sensor 
is accurate over the measuring range 
15 to 50°C, which is ideal for use in 
darkrooms. 

Figure 3 illustrates the circuit diagram 
of the temperature meter or ther- 
mometer. The voltage drop across the 
sensor is applied to the positive input 
of A2. Under normal conditions the 
gain of A2 is set to approximately 
8X. Opamp A1 supplies a reference 
voltage, determined by P1, to the 
inverted input of A2. Preset P1 is 
adjusted so that the output of A2 is 
OV at a temperature of 10°C, and 
800 mV at 20°C. This output is then 
fed to the inverted input of acomparator 
A4. The other input of A4 is connected 
to a linearising capacitor C3. This 
capacitor is charged with a constant 
current source, fed via A3, T1, R4, R5, 
RQ and P2. When the voltage level 
across C3 exceeds that from the output 
of A2, the comparator A4 causes T3 
to conduct. In effect, the time it takes 
for C3 to be fully charged is what we 
are interested in as this is proportional 
to the temperature. 

Once T3 conducts, C3 discharges via 
T2, which you will notice is connected 
in parallel to C3. The base of T2 is in 
turn connected to the X terminal of 
the darkroom computer. The processor 
supplies, via this line, 10 pulses per 
second, during the measuring period. 
This pulse train causes T2 to conduct 
and C3 to discharge ten times a second. 


With a logic ‘0’ on line X, T2 is not 
conducting and C3 charges. The time 
taken between a logic ‘0’ on line X, and 
when ‘0’ appears at the output of T3 
on line PB@, is used to determine the 
temperature. It is in effect this infor- 
mation that is digested and processed 
by the computer, which then shows it 
as a temperature reading on the display. 


Construction 
Process-Timer 


Figure 4 shows the printed circuit board 
and component overlay for the process 
timer. This has been designed so that it 
can be mounted into a BOC 430 case 
from West Hyde. A slot is needed in the 
top of the case to accommodate the 
LEDs (25). Do not forget to make the 
necessary holes for the press-switches. 
For a graduated scale and indicator we 
suggest two strips of card fitted on 
either side of the LEDs. On the one side 
a series of numbers (for the LEDs), and 
process periods on the other. The photo- 
graph in figure 5, gives good idea as to 
how this proposal will look. For the 
prototype we used, the first block to 
denote the development, the second for 
the stop bath and the last for the 
fixer. In order to keep to this time 
frame, the alarm must be programmed 
to sound when the 10th, 13th, and 19th 
LED is on. 


Temperature meter 
Figure 6 illustrates the printed circuit 
board for the temperature meter, or, 


Parts list for the process timer 


Resistors: 
R1,R2 = 5k6 
R3= 10k 
R4= 2202 
P1= 1k preset 


Capacitors: 
C1=180n 
C2=10n/10V 


Semiconductors: 
D1...D25=LED 
1C1,1C2 = 74LS154 
IC3 = 74LS132 


Miscellaneous: 


S1 = digitast switch 
PB = piezo buzzer Toko PB 2720 (Ambit) 


to give it its correct title, the digital 
thermometer. The sensor is remote from 
the circuit. Care should be taken to en- 
sure that the LM 335 is wired correctly. 
Only the centre (+) and the negative 
pins are used. The ADJ connection is 
not required and can be cut off. The 
terminals and soldered joints of the 
sensor should be encapsulated in epoxy 
resin. This ensures against short circuits 
and increases the reliability factor, (see 
photograph in figure 7). 

The printed circuit can be mounted into 
its own case, in the main computer 
housing, or even within the process 
timer! The choice is left to the con- 
structor, but, we suggest the latter. In 
this case the amount of external wiring 
is greatly reduced, because points 
PBO@ and O can be combined with con- 
nections +10 V, X, PB@, NMI, +5 V and 
0 of the process timer into one length of 
multi-way ribbon cable fed to the com- 
puter. Try and keep the cable as short as 
possible, although, anything up to 2 
metres will not cause problems. 


The light meter 

This is again a completely separate 
section and is the last accessory we will 
deal with in this article. The printed 
circuit board as illustrated in figure 8, 
is assembled in a rather unconventional 
manner. The components are in fact 
mounted on the track side of the board 
while the other side completely covered 
in copper. This acts as the earth plane 
and the front face of the housing. 
Screening from outside interference is 
of paramount importance for the circuit 
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Figure 5. This photograph of the process 
timer illustrates one example of the timing 
card. 


to operate correctly and, for this reason, 
the entire housing is constructed of 
copperclad board. The sides, ends and 
top and bottom of the case are simply 
soldered together. As the top (or front 
face) of the housing is the printed cir- 
cuit board, this must be assembled 
before the rest of the case is fitted 
together. Care must be taken when 
mounting the components on the board 
as the risk of short circuits is high with 
this type of construction. However, the 
efforts are well worth while as the end 
result is very effectively screened and, 
incidentally, can also look very neat if 
care is taken. 

Remember that, although the sensor is 
mounted inside the case on the same 
side of the board as the rest of the 
components, it must protude slightly 
through the board (sensor opening) 
enough to prevent it from being 
shielded. It can be fixed in place by the 
use of epoxy resin (or similar) but, be 
warned, an overzealous application of 
the ‘sticky-stuff’ can affect the sensi- 
tivity enough to prevent the circuit 
from operating at all. This was learned 
by experience on one of the proto- 
types. 

It will be noticed that there is just one 
small hole through the printed circuit 
board. This may appear as though some- 
body started to drill all the holes 
through and then thought better of it! 
Not true of course. An off-cut of wire 
is fed through the hole and soldered 
both sides in order to earth the earth 
plane! Don’t overlook this step or 
it will effectively nullify the whole 
exercise. 

If the construction seems a little com- 
plex the illustration in figure 9 will 
clarify matters. The top and bottom of 


the case have the copper surface facing 
outwards while on the ends and sides 
it is facing inwards. Construction may 
be aided by the use of a vice to hold the 
parts together while soldering. 

If your finished case is an excellent 
example .of the art of air-tight boxes it 
is your own fault...the connecting 
wires to the microprocessor should 
have been fed through a hole in one 
end before completing the box!! 


Calibration 


The only circuit requiring calibration is 
that of the temperature meter. The 
link next to C3 on the printed circuit 
board of the temperature meter must 
first be removed. A power supply of 
between 3 and 10 volts (a 4.5 V battery 
if necessary) is connected to pin 11 of 
IC3 and earth (negative to pin 11). At 
this stage the temperature meter is con- 
nected to the computer but the latter is 
switched off. Firther requirements for 
the calibration procedure are a volt- 
meter, a thermometer and a developing 
tray of water. 

The voltmeter is connected across 
resistor R8 and the sensor is placed in 


the tray of water. This is where the 
thermometer comes in. The water must 
be at a temperature of precisely 10°C. 
This will not be particularly easy but 
persistance will pay off in the long run. 
A thermometer that is very clearly 
readable will make the job a lot easier. 
Unfortunately, the majority of domestic 
thermometers do not fall into this 
category. The sensor must be suspended 
in the water without touching the sides 
or the bottom of the tray. After giving 
the sensor a little time to settle down, 
adjust P1 until the reading across R1 
is OV. Two or three attempts may be 
needed before results are considered 
satisfactory. 

The tempory power supply can now be 
removed and the wire link replaced. 
Switch on the computer and enter 
MEAS,—2 on the keyboard. With the 
sensor suspended in free air, the com- 
puter reading should display between 
10 and 50°C. 

The sensor is now placed in water at a 
temperature of about 35-40°C. Allow 
time for the sensor to adjust and then 
set P1 so that the computer reading 
corresponds to that of the thermometer. 


Parts list for the temperature meter 


Resistors: 

R1 = 4k7 

R2 = 6k8 1% metal film 
R3 = 5k6 1% metal film 
R4 = 3k9 1% metal film 
R5 = 82 k 1% metal film 
R6 = 10 k 1% metal film 


P1= 1k multiturn preset 
P2= 2k multiturn preset 


Capacitors: 
C1=220n 
C2=100n 
C3=270n 


Semiconductors: 


R7 = 68 k 1% metal film T1 = BC557B 

R8 = 3k3 T2 = BC547B 

RQ = 4k7 1% metal film T3 = TUN 

R10=682 1C1 = LM335Z (National) 
R11= 10k 1C2= 723 

R12 = 8k2 IC3 = 324 

6 


00go000 p-O 
en 


Figure 6. All the components for the temperature meter, with the exception of the sensor, are 


mounted on this printed circuit board. 
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Figure 7. The two pins of the LM 335 sensor 
that are used should be encapsulated in epoxy 
resin as shown here. 


a 


Parts list for the light meter 


Resistors: 
R1=10M 
R2=10k 


Capacitors: 

C1 = 56 p ceramic 
C2=560p 

C3 = 10/10 V 


Semiconductors: 
T1 = BF 256A 
T2=BS170 

D1 = BPW2!1 
1C1 = 3130 

IC2 = 7555 


Figure 8. Care should be taken with the 
assembly of the light meter printed circuit 
board. As explained in the text, all the 
components are mounted on the same side 
as the track pattern. 


— 
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Figure 9. The construction of the light meter case is illustrated here. The printed circuit board 


forms the top face. 


In practise... 


Before dashing off to the darkroom and 
locking yourself in, it must be decided 
what times the different processes are 
going to take so that a process timer 
card can be drawn up. As an example 
we are going to use time factors associ- 
ated with black and white photography. 
These can be 1.5 minutes for develop- 
ment, half a minute for the stop bath 
and one minute for the fixing bath. This 
is in fact the timing shown in the photo- 
graph in figure 5. Keeping in mind that 
the time from one LED to the next is 
10 seconds, then the ‘alarm’ LEDs will 
be numbers 10, 13 and 19. 

Pressing the START PR. T key will now 
begin the process time. However, it may 
be that a second timing procedure is 
required if, for example, a black and 
white film is to be developed. The 
timing for this can be 6 minutes for 
development, 1 minute for wash, 3 
minutes for the fixing bath and then a 
30 minute wash. In order to carry out 
this sequence the memory in the main 
computer will have to be programmed 
accordingly. Remember that up to 10 
different time periods are available. The 
programming procedure for this has 
been covered in detail in the user 
instructions in part 1. Keep in mind the 
fact that it is also possible to program 
acoustic signals during the processing 
sequence. These will be a short bleep 
for each LED with a longer buzz for the 
end of each period. 


A point in part 1 that may need further 
clarification is the multiplication factor 
relating to the light meter. Moving the 
sensor to different areas of the enlarged 
image will obviously change the light 
level falling on the sensor. If a number 
of positions are checked the computer 
can provide an average reading. 

Another method that may be used 
requires a sheet of opaque tracing paper 
placed between the enlarger lens and the 
sensor. The image will of course be out 
of focus but a good idea of the average 
light level can be found in this manner. 
An ‘average’ negative must be used in 
order to arrive at a correction factor. 
The paper in use is also an important 
factor when determining the exposure 
time. Therefore, by experience and the 
information of the materials used, an 
error adjustment (or multiplication 
factor) can be arrived at and entered 
into the computer which will then 
compensate accordingly. This factor 
need only be entered once as long as 
the same materials are used. This is 
really no different to any normal 
manual procedure only that, in this 
case, once the factor is found and 
entered into the computer it can be 
forgotten (after making a note of it!). 
The method of entering the multipli- 
cation factor into the computer was 
described in detail in part 1. 
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short wave band shifting for SSB receivers 


Since we published the SSB receiver 
article in June of this year, it is appar- 
ent from all the letters received, that 
quite a few enthusiasts in general 
electronics have developed a taste for 
short wave listening. As the popularity 
grows, then the need to cover a larger 
number of bands increases. The SSB 
receiver ideally fits the bill, in as much 
as it is capable of covering the whole of 
the amateur bands, obviously together 
with the necessary converters. Basically 
each circuit acts as a wave band shifter, 
converting the aerial signal which is 
either above or below the 20 metre 
band, into the band which the SSB 
receiver can receive without modifi- 
cations. Each converter is connected 
to the aerial input of the receiver 
eliminating any need for changes to 
the actual receiver, This in effect means 
that the circuits described can be used 
with virtually any short wave receiver, 


is then mixed together with the fre- 
quency from a fixed crystal oscillator to 
give a number of frequencies at the 
output (of the mixing stage). Since we 
are only interested in signals lower than 
14 MHz and because the first filter only 
very roughly separated out the particu- 
lar band in question, a second filtering 
stage is necessary. This now extracts the 
product of frequencies (in the right 
band) which are required. The basic 
reason why we use a crystal for this 
purpose is because they are easily 
available and relatively cheap. For the 
very low frequency bands (VLF), such 
as 10...140kHz, which are also 
possible using this technique, things 
are slightly different. In this case we 
would use a crystal which gives an 
oscillator frequency slightly below the 
14 MHz band, and then the result is 
that the summed up frequency comes 
into the desired band. In this case the 


short wave band shifting 
for SSB receivers 


from 14 MHz to 14 metres! 


The article deals with and 
describes front ends which can be 
used with any short wave receiver, 
specifically the SSB described in 
our June issue, effectively 
extending the coverage of the 
amateur bands. One circuit is 
designed to convert the band 
below the 14 MHz ‘up’ into the 
required receiving range with the 
second converting down from 
higher frequencies again into the 
14 MHz band. It is also possible to 
cover the 2 metre band using this 
technique. The circuits, as their 
name implies (front ends) can 
simply be connected to the input 
of the SSB receiver. The number 
of circuits required will only 
depend on the number of bands 
constructors wish to cover. 
Component values are given 
enabling up to 13 converters to be 
built, plus ‘of course the original 
20 metre band already in the SSB! 
This is a good way to increase 
your band coverage in nice easy 
stages. 


Lower than 14 MHz 


One of the simplest solutions for these 
wave lenths, is to use a band-pass filter, 
followed by a mixing stage which is in 
turn followed by another band-pass 
filter. The first filter is used to extract 
only the required wave band. This signal 


first stage becomes a simple low-pass 
filter. 

Figure 1 shows how a double ‘deck’ 
wafer switch is used to select the 


required wave-band, assuming all the 
different converters (one for each band) 
have been built. 
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Figure 1. Building five ‘up’ converters, allowes the reception of five extra amateur wave bands 


(above 14 MHz). 
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Figure 2 shows the complete circuit 
diagram for a lower than 14MHz 
converter as just described, which is 
in other words an ‘up’ converter. The 
part of the circuit in the bottom left 
hand corner which includes C1...C6, 
L1 and L2 is the band-pass filter which 
caters for 1.8, 3.5, 7 and 10 MHz. 
Directly above this section is a stage 
consisting of C7...C10, L3...L5, 
which is the low-pass filter for the VLF. 
The component values needed for 
differing bands are shown in table 1. 
This is followed by the simple passive 
mixing stage constructed around the 
FET BF256C. This FET acts as a 
switch, which is controlled by the 
crystal oscillator built around T2. 
The sum and difference of the product 
of the filtered input frequency and the 
oscillator frequency, appears at the 
output of the mixer. The frequency 
from the crystal for the 1.8, 3.5, 7 and 
10 MHz is chosen so that the difference 
of the product from the ‘mixer falls 
into the 14MHz band (which can be 
dealt with by the SSB receiver). For the 
very low frequency band 10... 140 KHz, 
it is the sum of the frequencies which 
comes into the correct band. The value 
required for the crystal is for each case 
listed in table 1. The output of the 
mixer is then fed to a band-pass filter 
which ensures that only the 14 MHz 
band is brought to the input of the SSB 
receiver. 

The input impedance of the converter 
with band-pass filter is 50 &2 and that of 
The VLF-one, 1 to 2kQ. The latter 
higher value ensures that a simple aerial 
(single piece of wire) will still provide 
adequate reception for that band, The 
loss in signal strength as a result of using 
a converter is 6 dBs, with a loss in the 
filter stage of 2 dB, which is very small. 


Higher than 14 MHz 


The converters for anything higher than 
14 MHz can be used right up to the 
2metre band! Figure 2 once again 
shows the circuit in block diagram form. 
The input stage is the same as before; a 
band-pass filter. But, then instead of 
going straight to a mixing stage an 
amplifier is included. From then on the 
sequence is identical, that is, as far as 
the block diagram is concerned. When 
the circuit itself is described in greater 
detail you will see that this is not the 
case. Again a crystal oscillator is used, 
but, in this case a further buffer stage 
has been included. The circuit diagram 
is shown in figure 4. The component 
values for the band-pass stage depend 
on the wave band required, and are 
shown in table 2. After the filter there 
is the amplifier T1 which is followed by 
a further filter set up in the same man- 
ner as the first (L3, C8, C9). A mixer 
follows this, with T2 being controlled 
by a crystal oscillator. Finally there is a 
buffer stage with T4. For all the wave 
bands listed in Table 2 the values have 
been calculated on the basis of the 
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Figure 2. The converter for low frequencies. For VLF bands, a low-pass filter is mounted at the 
input (upper box insert). For all the other low bands the filter shown in the lower box section 


is used. 
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Figure 3. Block diagram for the down converter (above 14 MHz). Although this seems simpler 
than the circuit shown in figure 1, it does illustrate the principles used. 
Again a separate converter is required for each band and a multi-way switch can be used to 


change the wave band. 


es 


Table 1. The component values for converters for lower than 14 MHz. 


Band ety kee: ci 
MHz BH nF 
0.01...0.14 - - 
1.8 (160 m) 27 3.3 
3.5 (80 m) 8.2 3.3 
7 (40 m) 2.2 2.2 
10 (10 m) 1 1.6 


C2,c4 C3 x 
pF pF kHz 
- - 14000 
180 33 16200 
180 15 18000 
180 10 21300 
150 6.8 24300 


ee, 


difference between the oscillator and 
the aerial input frequencies. After the 
buffer stage comes the last band-pass 
filter, ensuring only signals within the 
14 MHz band are fed to the receiver. 


At the foot of table 2 there is a separate~ 


box giving the component values needed 
for the 2metre band. In this case a 
65 MHz crystal is used, and the buffer 
stage also operates as a frequency 
doubler. 


In the 2 metre version the gain of the 
converter is between 6 and 12 dB, and 
in the others approximately 4 dBs. In 
the latter versions the gain can be 
boosted by increasing the value of R3, 
but, then the value of L3 has to be 
lowered and C8 also increased. 


Construction 


Figures 5 and 6 show the printed circuit 
boards for all converters. The board in 
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Figure 4. The circuit diagram of the down converter. This circuit can be used to receive up to the 2 metre band (144-146 MHz). 


figure 5 is for bands below 14 MHz 
(circuit in figure 2) and in figure 6 the 
board for wave bands above 14 MHz is 
shown, 

The only item worthy of note when 
building the circuit onto the printed 
circuit board shown in figure 5, is that 
a screen must be positioned across the 
board exactly where the dotted lines 
are shown, 

Both boards are double sided, meaning 
that the component side is a copper 
plane which must be earthed. 

The only really difficult circuit to build 
is the 2 metre version in as much as, 
the coils (L1, L2, L3) have to be wound 
by hand, L3 is the simplest coil to make, 
as it has only one turn, but L2 and L3 
both have 4 windings each, so please 
take care. These coils must also be 
inductively coupled, which means they 
have to be mounted side by side and 
end to end, and not at right angles, 
(as shown on the layout). There is 
plenty of room allowing all this as some 
of the components, namely C2 and C4, 
are not needed for the 2 metre version. 
Figure 7 gives a clear illustration of this. 
A screen is also required on this board, 
to separate the input stage from the rest. 
The dotted lines as shown in figure 6 
indicate where this is positioned. We 
suggest that all, the completed circuits 
are mounted into screened boxes. 
Although this involves a considerable 
amount of work the final results fully 
justify it. 


Alignment 
High frequency designs (RF) need 
great care when aligning. However, the 
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Figure 5. Printed circuit board for the lower frequency converter. The component side is a 


copper plane. 


Parts list for below 14 MHz 


Resistors: 
R1 = 100k 
R2= 39k 
R3 = 1k2 


Capacitors: 

C1,C2,C3,C4 = see table 1 
C5,C6 = 60 p trimmer 

C7 =6n8 

C8,C10=1n 

C9 = 2n2 

C11=270p 

C12=27p 


C13=120n 

C14 = 1 n ceramic 
C15 = 20p trimmer 
C16 = 56p 


Coils: 

L1,L2 = see table 1 
L3 = 33 mH 
L4,L5 = 4,7 mH 
L6 = 100 nH 
L7=6,8 4H 


Semiconductors: 


Tl = BF 256C 
T2 = BF 494 


Miscellaneous: 
X = crystal ( see table 1) 
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6 Parts list for above 14 MHz 


Rn oe 


Resistors: 
R1,R2,R8,R9 = 120k 
R3=1k 

R4,R10= 1002 

R5 = 100k 

R6 = 1k8 

R7=47k 


Capacitors: 

C1,C5,C9 = 20p trimmer 
C2,C3,C4,C8,C16 = see table 2 
C6,C15,C19 = 47 n ceramic 
C7,C18= 47n 

C10= 1 n ceramic 

C11 = 20 p trimmer 
C12=120p 

C13 = 40 p trimmer 
C14=22p 

C17 = 4p7 

C20 = 20 p trimmer (see text) 


Figure 6. The printed circuit board for the down converter, 


Table 2. The component values for converter for above 14 MHz. 


Coils: 
L1,L2,L3,L6 = see table 2 
L4,L5 = 2,2 4H 
Band L1,L2,L3 X C2 C3 C4,C8 C16 L6 L7'=6,8uH 
MHz BH kHz pF pF pF pF uwH 
18.068 ... 18.168 2.2 32200 33 150 22 27 33 
21.0...21,450 1.5 35450 33 150 22 22 33 
24.89... 24.99 1.5 39000 27 150 18 18 33 
28.0... 28.5 1 42500 15 68 10 12 2.2 
28.5... 29.0 1 43000 15 68 10 12 2.2 ieonduetore? 
29.0... 29.5 1 43500 15 68 10 12 2.2 ane ae oe 
29.5...29.7 1 44000 15 68 10: “2. 12:2 12 = BF 256C 
T3 = BF 494 
Components for the 2 m-band 14 =\BF-900 
7,82 L3 x C2,C4,C8 C3 C16 L6 Li? R3 
* * kHz pF pF BH oH 


4wnd 1 wnd 65 000 delete 33 3.3 0.22 1.5 delete 


‘ Miscellaneous: 
* 0.6 mm enamelled copper wire, 8 mm ¢, see text 


X = crystal see table 2 


alignment of the circuits so far de- 
scribed is not critical and is certainly 
straightforward. It is just a matter of 
adjusting all the trimmers until the 
maximum — signal-to-noise ratio is 
achieved. Obviously as with any normal 
aligning procedure, every time one 
trimmer is set, it will influence the 
other, therefore each should be adjusted 
in turn (several times) until the correct 
alignment is achieved. 

One final comment concerns the 
trimmer C13 in circuits catering for 
frequencies above 14MHz (figure 4). 
This is used to ensure that the oscillator 
Figure 7. In the 2 metre version the coils L1 and L2 must be wound by hand and are frequency is exactly _what is required, 
inductively coupled. getting rid of any discrepances in the 
crystal frequency. K 
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16 channels with only five ICs 


16 channels with 


Figure 1 illustrates the circuit diagram 
of the transmitter. It contains; a key- 
board with 16 on and off keys, the 
transmitting IC, and final stage. A 9 V 
battery such as the PP3 is ideal for the 
supply. 

A command given by depressing a key 
is immediately converted into a corre- 
sponding E-D-C-B-A 5-bit binary code. 
We have purposely left the detailed 
explanation of how the code is allocated 
till later, as any reference to it as this 
stage could confuse the issue. 

The 5 bit code, which is nothing more 
than a pulse sequence of 6 identical 
signals, is transmitted by modulating 
the infra-red diodes D1 and D2. The 
actual information, is hidden in the 


five ICs 


There have been many circuits 
published for infra-red remote 
control systems of varying com- 
plexity. The design here however, 
while still providing 16 channels, 
keeps construction fairly simple 
by utilising special 1Cs produced 
for the purpose by Plessey. In 
fact, the circuit is similar to that 
found in many domestic television 
sets. 

Control is by means of push 
buttons, and both the transmitter 
and receiver can be made very 
compact. 


gaps, or breaks between pulses. A short 
pause denotes logic ‘1’, a long one 
a logic ‘0’. Pulse and pause duration can 
be set with the aid of trimming poten- 
tiometer P1, Keep in mind that a logic 
‘0’ pause is about 1.5 times longer than 
a logic ‘1’, and that each pulse is ap- 
proximately 3 ms. There is preset delay 
period of 54ms between any two 
different commands, Infra-red radiation 
is only possible when pin 3 of IC1 is 
pulled low. This is the only way that a 
current ‘pulse’ or surge (lasting about 
15 us), will flow through T2 and the 
diodes. As a matter of interest this can 
be as high as 8A! 

The IC contains an internal electronic 


operational switch, ensuring that the 
power consumption does not exceed 
6 yA, when the circuit is in a stand-by 
situation. 

Any even number of keys can be used 
as long as they do not exceed 32. This 
is because an ‘off’ as well as an ‘on’ key 
is required for each function. 

The receiver shown in figure 2, consists 
of; a preamp (IC 1), and the pulse pause 
modulation (PPM) decoder, IC2... 1C4. 
The input transistor of IC1, and the 
receiver diode D1, are biased in the 
same way, by receiving their base 
current setting from T1. The input stage 
of IC1 is followed by three differential 
amplifiers, with the output (pin 2) 
feeding out the received PPM signal. 


only 


PPM decoder 

ICs ML928 and 929 can be found in 
various kinds of circuits, although they 
were originally designed for use in 
TV sets. They each contain; a PPM 
demodulator, time base generator 
(together with an oscillator), and a 
shifting register with following latches/ 
memories. The binary information is in 
fact, located at the output of the 
latches. Apart from all this, there is 
an integrated comparator taking care 
of the error correction, automatically! 
So, under normal conditions nothing can 
go wrong, what so ever! Each IC is able 
to digest and process 16 commands 
converting the received information into 
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The transmitter consists of; a keyboard, transmitter IC, final stage and a 9 V battery. 
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The receiver consisting of; a pre-amp with IC, PPM decoder (IC2... IC4). 


15V 


T2...T9=BC547 
1...N4=CD 4030 
1C3 = N5 = %CD 4002 


Parts list figure 3 


Resistors: 

R1= 2k2 

R2= 100 2 

P1 = 100 k trimmer 


Capacitors: 
C1=39n 
C2= 47/10 V 


C3 =68n 
C4= 100 u/16 V 


Semiconductors: 


D1,D2 = COY 99 or LD 271(H) 


T1 = BC 328 
T2 = BD 437 
IC1 = SL 490 (Plessey) 


Miscellaneous: 
Reflector for D1/D2 
9 V battery 


3 


Figure 3. 


A suggested track pattern and component overlay design for the printed circuit board of the 
transmitter. The LEDs are equipped with a reflector for a stronger light beam. 
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A suggested printed circuit board design for the receiver. Outputs 1 to 8 can be connected by means of a multi-way socket. 


binary code, The way Pin 2 is con- 
nected , together with the setting of P1, 
determines the oscillator frequency. 
ML928 reacts to codes from 00000 to 
1111, with ML929 reacting to codes 
starting at 10000 and ending at 11111. 
This is ideal for our purposes. 

In order to control a total of 16 func- 
tions both ICs are needed. Only one 
decoder is required when only 8 func- 
tions are sufficient. In this case, care 
must be taken to ensure that the correct 
codes are allocated which correspond 
to the keys being used. An allocation 
can easily be derived from the keyboard 
matrix shown in figure 1. 

The 5-bit code is transmitted in the 
sequence E-D-C-B-A and interpreted by 
the receiver accordingly. Column E 
denotes which of the two ICs it is meant 
for (’0’, ML928, ‘1’ ML929); D supplies 
the ‘on’ or ‘off’ information; C, B and A 


contain the information for which of 
the 8 functions is to be connected. 

The decoding circuit constructed around 
1C5 converts the code into switching 
pulses for T2...T9. IC2 and IC3, 
produce the ‘write disable’ (WD) pulse 
for IC5. The EXOR gates register any 
level changes at the inputs; DATA, A2, 
A1 and AO. The NOR gate, situates a 
logic ‘0’ at the WD input. The allocation 
of the binary codes to the outputs of 
IC5 and to the switching outputs, is 
infact, mirrored! This is simply because, 
1C4 is supplied with a negative operating 
voltage, enabling it to also function with 
negative logic. That means, output O6 
and not Q1 is used when the data ‘001’ 
is situated at AO... A2. Consequently, 
the switching signal at the DATA input 
will reach T8 via output O6. The WD 
input will be logic ‘1’ and the data input 
will be blocked when no further switch- 


ing information is on the inputs of 
IC5. The outputs are not affected, 


Construction, calibration, 
application 


We advise constructors to build the 
circuits with printed circuit boards, the 
design of which are shown in figure 3 
and 4. Unfortunately, due to unforseen 
circumstances we are unable to supply 
ready made ones from our EPS service. 
However, we feel certain that this will 
not prove to be a stumbling block for 
our readers. 

The transmitter diodes are equipped 
with reflectors, which improve the light 
beam intensity, making it possible to 
control devices from a range of 8 to 10 
metres, 
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Parts list figure 4 


Resistors: 
R1,R14.,..R21=100k 
R2=82k 

R3 = 560 2 

R4= 22k 
R5.,..R8=1k 
R9...R12=68k 
R13 = 15k 

P1 = 50 k trimmer 


Capacitors: 
C1=47n 

C2,C4 = 100n 
C3=82p 

C5 = 2n2 

C6 = 47 4/25 V 
C7...C10=470p 
C11=150p 
C12=22n 


Semiconductors: 

D1 = BPW 41 

T1 = BC 560 
T2...79 = BC547B 
IC1 = SL 480 (Plessey) 
1C2 = 4030 

1C3 = 4002 

IC4 = ML 928/ML 929 
IC5 = 4099 


Parts list figure 6 


Capacitors: 
C1 = 330 u/25 V 
C2 = 330n 
C3=100n 


Semiconductors: 


B1 = B40C800 
1C1 = 78L15 


Miscellaneous: 


Tr= 16 V/0.1 A mains transformer 
fuse 63 mA 
two-pole mains switch 


Metal Can Package 


Figure 5. A simple power supply for the receiver. 


Plastic Package 


Figure 6. Design and component layout for the power supply board. 


A keyboard can be built up on vero- 
board quite easily, and then inserted, 
together with the battery and circuit 
into a plastic case. 

The receiver needs a 15 V supply. This 
can either be obtained from the equip- 
ment being controlled, such as the 
stereo system and so on, or from the 
power supply illustrated in figure 5. 
Where you install the receiver will 
depend on what is to be controlled. 
Obviously, anyone wishing to control 
more than one piece of equipment 
should house the receiver in a separate 
plastic case, and install separate or one 
multi-way socket. 

The output signals from the unit are 
suitable for use with relays. As a matter 
of interest our June 1982 issue de- 
scribed a solid state relay which would 
be ideal for this application. We suggest 
the relay is placed near to, or actually 


inside the apparatus being controlled, 
as this means the use of low capacity 
connection wire, rather than thick 
obtrusive mains cable. Mechanical relays 
will require a protection diode con- 
nected the reverse way round, Any relay 
can be used which has a maximum coil 
voltage of 12V and a resistance of 
around 150 2. 

The calibration procedure is quite short. 
Set P1 of the transmitter to its mid 
position and depress a key (to switch 
something on). Now adjust P1 of the 
receiver until the relay is activated. 
Repeat the procedure a few times 
until you are satisfied that the relay is 
activated every time the key is de- 
pressed and that is it! i 
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pre-amp for the SSB receiver 


Readers may be excused for jumping to 
the conclusion that the preamp is only 
useful for increasing the sensitivity. 
However this is only partially true. 
After all the SSB receiver already has 
an exceptional signal-to-noise ratio 
(0.15 uV at 10 dB). Nevertheless the 
RF preamp does supply an extra 
10 dBs, which, you must agree is useful 
and in some cases desirable. This im- 
provement in sensitivity is certainly 
going to be welcomed by SSB owners 
with a small or compact aerial. 

Apart from the better selectivity and 
sensitivity, this RF stage supplies 
additional gain in order to overcome 
some of the traditional SSB problems. 


pre-amp for the 
SSB receiver 


boost the selectivity and sensitivity 


of your SSB. 


In the normal course of events, it 
is a fact of life that anything good 
can always be improved upon. It 
is therefore only natural that we 
should try to improve a good and 
successful design such as the SSB 
receiver published in the June 
1982 issue. 

An additional MOSFET preamp 
not only increases the sensitivity, 
and betters the selectivity but also 
extends the AGC range. 
Improvement just for the sake of 
change is not a philosophy 
followed by us. We therefore feel 
certain that SSB users, especially 
ones without access to large 
sophisticated aerial systems, are 
going to appreciate the little extra 
that the circuit introduced here 
gives. 


Practise has shown that ‘strong’ trans- 
mitters operating within the 19 metre 
band can, under certain conditions, 
‘swamp’, or interfere with, other 
weaker stations. Despite the extensive 
filtering included in our SSB receiver, 
this will still occur, if only from time to 
time. Trying to overcome this problem 
by simply twiddleing the controls is 
time consuming, aggravating and to 
some extent futile. When you consider 
the fact that some of these offending 
stations have a transmitting power of 
around 2 mega watts, fighting them off 
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is harder than standing on the beach 
and trying to stop the tide. And every- 
one remembers what happened to the 
last man or king who tried that! 

As David did with the proverbial 
Goliath, we have supplied a subtle and 
highly effective weapon in the form of 
an additional band-pass filter at the 
input of the RF stage. The band-width 
of this filter is 5000 kHz and together 
with the filters originally included in 
the SSB receiver, it provides adequate 
protection against the ‘giants’. In 
effect the circuit becomes highly selec- 
tive, thereby muting and damping the 
overbearing 19 metre transmitters, even 
when using large, sensitive aerials. 

A further advantage of using the RF 
preamp relates to the ability of the 
receiver to handle and control high 
level input signals, (eliminate cross- 
modulation). Basically we are adapting 
the principle that the more amplifi- 
cation stages which are controlled by 
the AGC voltage are used the more 
effective the AGC will be. 

As the AGC voltage controls the gain 
of the MOSFET, the result is to con- 
siderably extend the effective range of 
the AGC. In practice this increase is 
about 20dBs! Strong signals adjacent 
to weak ones are now ‘squeezed’ a little 
more allowing the receiver to handle 
them much more easily. Consequently 
the receiver produces less noise when 
being tuned and has good station 
separation. 

To summarise, the additional RF 
preamp enable the user to achieve; 
@ higher sensitivity. 

@ better selectivity. 

@ anextended AGC range. 


The circuit diagram 
Looking at figure 1 will show that a 


L1,L2:18 turns 0.6 mm enamelled copper wire 
on to AMIDON T50-6 coro 
13:2 x 10 turns (bifilair) on to AMIDON T50-2 coro 


G2 see text 


1N4148 
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Figure 1. The preamplifier is constructed with a dual gate MOSFET bf 900. The difficult to 


wind coil, L3, can be replaced by a resistor R3. 
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Figure 2. L3 is constructed as follows; 

a, twist the wires together. 

b. wind the result 10 times onto the core and find any two uncommon wires. 

c. solder the two uncommon wires together to realise the centre tap. The other two ends are 
connections a and b. 


dual gate MOSFET specifically type 
BF 900 is used as the active element of 
the preamp. Elektor readers who have 
already built or are thinking of building 
the SSB published in our June issue, 
will probably wonder why we are using 
the same type of MOSFET as we did 
before (for the RF, oscillator and mixer 
stage of the SSB). After all there are 
several other semiconductors which can 
be used to construct an excellent RF 
preamp for 14 MHz applications! Well 
the answer is quite simple. The BF 900 
is easily available, inexpensive as far as 
MOSFET devices go, and experience has 
shown us that it is ideal for RF appli- 
cations. 

Returning to the circuit diagram, 
readers will note that a dual band-pass 
filter network is positioned at the 
input. This is made up of L1, L2, and 
C1...C5. The dual gate MOSFET 
follows the filter enabling a ‘classical’ 
amplifier design to be constructed. 

Gate 1 of T1 is connected to the voliage 
source via R1. The source voltage level 
is set by R2 and D1 to +0.6 V. The gain 
of T1 is varied by connecting the AGC 
voltage to gate 2. This is a positive 
voltage, the level of which depends on 
the strength of the input signal. The 
stronger the input signal, the lower the 
gain factor. Therefore with a higher 
voltage across gate 1 than gate 2 a con- 
siderable reduction in gain is achieved. 
With weak signals, maximum gain is 
effected (about 10 dBs), thus increasing 
the sensitivity from 0.15 uV to 0.05 uV 
with a signal-to-noise ratio of 10 dBs. 
The amplified signal is taken from the 
drain of T1 via a double wound (bifilar) 


3 


Typical curves resulting from various windings on the same core. 


- Test Core: 


180 
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Figure 3. Toroidal core specifications of the 
original prototype, which used Amidon cores, 
together with the ‘Q’ chart. 


type T50-6 permeability factor 8. 

type T50-2 permeability factor 10. 
dimensions of T50 

outer dia. inner dia. height. mean lenght. 
50ins .303ins .19ins 3.20 cms. 


coil L3, Constructors not fond of 
winding coils can replace L3 by a drain 
resistor. However this will effectively, 
if only, slightly reduce the sensitivity. 
The dotted line section below the main 
circuit diagram illustrates how the drain 
resistor is connected. 


Construction 

Taking the simplicity of the circuit 
into consideration, constructing the 
preamplifier onto veroboard is rela- 
tively easy. The actual method adopted 
is not critical, but, you should take 
care that the connections to the 
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MOSFET are as short as possible. This 
will ensure the good operation of T1. 
Coils L1 and L2 are quite straight 
forward to wind. They both consist of 
18 turns of 0.6mm diameter copper 
wire, wound onto iron powder toroidal 
core formers, having an outer diameter 
of 0.5 ins. The prototype used toroids 
manufactured by Amidon Associates, 
but in case constructors have difficulty 
finding them, a complete specification 
is included in figure 3 to enable equival- 
ents to be found. Apart from the 
physical dimensions please keep in mind 
that the completed coil should conform 
to the same ‘Q’ factor as the prototype, 
otherwise the performance will be 
impared. 

When making the coils, you should 
ensure that the windings are evenly 
spaced to cover all of the core. In 
contrast to L2, L1 is tapped two wind- 
ing up from the ground connection, 

The construction of L3 is not straight- 
forward and that is why we have 
devoted a separate section for it at the 
end of this article. Anyone not wishing 
to get involved with L3 can replace it 
with a drain resistor R3, but as already 
explained some of the performance is 
then lost. 

We suggest inserting the completed 
circuit into the case of the SSB receiver, 
as any available space is suitable. Try 
and put it as close to the aerial con- 
nection of the RF section (of the SSB) 
as possible. The output of the preamp is 
connected to the aerial input on the 
SSB printed circuit board by means of 
coaxial cable. The link between the 
aerial bus and the preamp input should 
also be made with coax. 

The AGC connection point on the SSB 
receiver board is clearly indicated and 
should not present problems. The 
supply voltage can be derived from the 
junction of L11 and L12 on the RF 
secttion. 


Double windings (bifilary) of L3 
This coil consists of 10 double windings 
with centre tap, on a toroidal core (core 
specification see figure 3). 

First of all two equal lengths of enam- 
elled copper wire are twisted together 
as shown in figure 2a. The result should 
look like the old fashion two way flex. 
This double wire is now wound onto the 
ring core (10 windings), ensuring that 
the windings are evenly spaced over the 
whole core. Figure 2b clearly illustrates 
this procedure. 

The next stage is to trim any excessive 
length of wire. Now, with the aid of an 
ohmmeter, or continuity tester, find 
any two uncommon wires (see figure 
2b), an solder them together as shown in 
figure 2c. This in effect is the centre 
tap. The other two remaining wires are 
connections a and b of the coil as 
denoted in figure 1. i 
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An active antenna certainly cannot 
perform miracles. If, for example, we 
really do want to receive the ‘Voice of 
the Andes’ on 17790 kHz, we really 
need a resonant 2/2 dipole aerial of 
about 8m in length. An active aerial 
with a rod length of about 1.5m can 
only be substituted for the dipole as a 
physical compromise. The following will 
show how we arrive at this compromise. 


active aerial 


A short, active aerial for DXers 


There it is, the new communications receiver, But how do we get it 

to pick up the “Voice of the Andes’’? As the saying goes: a good 

aerial is still the best RF amplifier. However, the landlord will probably 
object to metres of wire and suspending the wire around the inside 

of the home will provoke the wrath of the family. A tangle of wire 
under the sofa is no solution either. What we need is an active aerial: 

it should be short and convenient to use whilst enabling good reception. 
An active antenna certainly cannot perform miracles. If, for example, 
we really do want to receive the “Voice of the Andes” on 17790 kHz, 
we really need a resonant 2/2 dipole aerial of about 8 m in length. An 
active aerial with a rod length of about 1.5 m can only be substituted 
fot the dipole as a physical compromise. The following will show how 
we arrive at this compromise. 


Some radio principles 

The problem involves an ‘electrically 
short’ receiving aerial for frequencies 
below 30 MHz, the hunting grounds of 
the short-wave DXer. But here is the 
paradox: how can an active aerial with 
a rod length of about 1.5m be used over 
the frequency range of 1.5 — 30 MHz, 
in which we normally have to utilize 


active aerial 


half-wave dipoles of up to 95m in 
length? 

Here we have to go into a little more 
detail. Atmospheric noise is the factor 
governing the design of receiving aerials. 
In the case of our half-wave dipole, the 
atmospheric and industrial noise level is 
high compared to the noise level of 
commercially available receivers. Thus, 
reception quality depends only on the 
signal itself and the interference 
received. 

If the aerial is shortened, the signal-to- 
noise ratio is initially constant because, 
although the signal level is reduced, so 
is the level of received noise. However, 
there is a limit to this shortening in 
length — the point at which the ‘elec- 
tronic noise’ of the receiver, which is 
independent of the aerial, becomes 
greater than atmospheric noise. Figure 1 
shows the relationship between signal- 
to-noise ratio and aerial length in a 
graph. In region b, an aerial which is 
considerably shorter than a ‘normal’ 
one, can still be utilized. In this case 
the received noise level is just as high as 
that of electronic noise. 

Short aerials of this type are con- 
structed as vertical aerials (rods or 
whips) and horizontal aerials (dipoles) 
for reception over the range 10 kHz to 
30 MHz. 


Matching 


So far so good. But why can’t we simply 
connect an aerial to the receiver in the 
form of a short rod? This can be best 
explained by figure 1. First of all, the 
signal level received by the aerial is not 
greatly reduced when the aerial is 
shortened. For example, a dipole which 
is short with respect to wavelength 
receives only 10% less signal level than 
the half-wave dipole. The problem is in 
the question of matching. 

In figure 2, the aerial is represented as 
an AC voltage source with the charac- 
teristics RA (= radiation resistatice) and 
Xa (= reactance). At a constant fre- 
quency, the radiation resistance is 
proportional to the square of the 
length of the dipole. The reactance is 
inversely proportional to the length. 
This means that the shorter the aerial. 
the greater is the reactance. With a short 
dipole of 10m _ overall length, for 
example, we have the following values 
at 1.5 MHz: Ra approximately 0.5 Q 
and Xa a few kilohms. With proper 
matching for the transfer of power, 
however, this total impedance must be 
exactly the same as the input impedance 
of the receiver, (50 92). Considering the 
aerial itself as a voltage source, and as 
the impedance increases as it is 
shortened, then the consequences are 
severe. Feeding a high impedance 
unloaded voltage to a low impedance 
input of a receiver simply means that 
you will get absolutely nothing out! 
What is required is a proper match! 
With passive aerials, transformers are 
employed to correct the miss-match. 
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Figure 1. Signal-to-noise ratio as a function of absolute aerial length 1 at a constant frequency, 
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a= region in which the level of atmospheric noise is higher than that of internal noise; b = 


region in which the level of atmospheric noise is close to that of internal noise; c = region in 


which the level of internal noise exceeds that of atmospheric noise. 
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Figure 3. The ‘active’ part of the aerial consists of impedance transformation stage with T1 
and amplification stage with T2/T3. The circuit is ‘remote-powered’ via the output and L3. 
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Figure 4. Power supply and attenuator of the active aerial system. The DC voltage is fed into 
the coaxial cable to the amplifier via L1/L2/C6. Four attenuation stages can be selected with 


$2 and S3. 
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Figure 2. Matching conditions at the aerial 
output. Equivalent circuit of the aerial: 
AC voltage generator, R , = radiation 
resistance, Xq = reactance. Receiver input 
impedance: R. 


Using this technique on active aerials 
would also work, but, only over a 
narrow frequency range. 

The solution to our problem is really 
quite simple! The short high impedance 
aerial is first of all connected to an 
amplifier which also has a high im- 
pedance input. Thus the unloaded 
voltage from the source (aerial), is not 
destroyed. Matching the receiver to the 
amplifier is achieved by providing the 
amplifier with a low impedance output. 
To summarize, therefore: the secret of 
the active aerial is that when the short 
aerial (short with respect to wavelength) 
is properly matched to a receiver (using 
an amplifier stage), it delivers exactly 
the same reception results as its big 
brother. An added benefit is that it 
provides advantages in DX reception. 
The theoretical explanation would be 
beyond the scope of this article, but it is 
true to say that from a technical view- 
point, active aerials are a good compro- 
mise between high sensitivity and short 
dimensions. 


The active aerial 


The active aerial consists of three parts: 
impedance transformer and amplifier, 
power supply, attenuator (see figure 3). 
The RF part of the active aerial is 
designed around transistors T1-T3. The 
passive part, the aerial rod, is applied 
directly to the gate of field effect 
transistor T1 via coupling capacitor C1. 
T1 is configured as a source follower, 
resulting in the desired performance as 
an impedance transformer (high input 
impedance, low output impedance). 
T2/T3 form a two-stage RF amplifier 
whose amplification is adjusted by R7 
and R9. The amplification can be 
increased is necessary by varying R7 and 
RQ. In this case, the values in parenth- 
eses apply. 

The circuit is powered by the remote 
power supply consisting of Tr1, the 
bridge rectifier and C5 (see figure 4). 
The DC voltage is applied to the output 
of the amplifier via L1/L2/C6. The 
DC voltage reaches the amplification 
stages via L3. 

The attenuation stages which are selec- 
ted with S2 and S3 form the third part 
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Figure 5. Printed circuit board and component overlay for the RF part of the active aerial. T3 is fitted with a star-shaped heatsink. 


Parts list for figure 5 of the active aerial. Thus the output 
signal from the amplifier can be atten- 
uated by —6 dB, —12 dB or —18dB or 


Resistors: Capacitors: Semiconductors: not at all, depending on switch settings. 
R1 = 120k C1=in D1... D6 = 1N4148 This avoids overdriving the receiver 
R2=1M C2,C3 = 22n T1 = BF256C input. 
BH i 180 143 Se soon ae ey We have chosen a wide-band version for 
R7 = 220 2 (100 2) C6 = 14/16 V tantalum the active aerial so that it can be erected 
R8= 1509 C7=390n Miscellaneous: as far as possible from sources of inter- 
RO = 82.2 (182) Aerial rod 30cmor1m__ ference. We shall examine this aspect 
R10,R11 = 56 Q Coils: later. For this reason, band selection 
L1,L2= 100 n using switched capacitors and/or a 
L3=4m7 variable capacitor is not provided. 
L4 = 6u8 The quality of the aerial is in no way 


inferior to commercially available types. 
The so-called intercept point IP3, a 
measure of intermodulation perform- 
ance of the circuit, is at 30 dBm. By 
way of comparison, a commercially 
available aerial (AD-270/370) exhibits 
the same value, The frequency range 
extends from 3kHz to 100MHz 
Ce a6) with T2/T3 providing again of 
dB! 


Practice 


Figures 3 and4 show the printed circuit 
boards for the two sections. T3 should 
be fitted with a star-shaped heatsink. 

Once we have soldered in the com- 
ponents, we must decide where to 
position the aerial. In any case, the 
aerial rod must be direct/y connected to 
the appropriate terminals on board 1. 
The optimum location for the aerial is 
at a distance of at least 1.5m beyond 
the building’s interference field. In this 
case we need an aerial rod of about 
30 cm in length which is accommodated 
in a waterproof housing together with 
the amplifier. Aerial and output socket 
Figure 6. Printed circuit board and component overlay for the attenuator and power supply joints must be properly sealed. The 
of the active aerial. output stage of the amplifier is designed 
to be able to ‘drive’ up to 100m of 
coaxial cable. At the receiver end, 
board 2 with the power supply and 


Parts list for figure 6 


oe ett ee eos Bi. Daced tt attenuator is directly located at the 

R1=100k (C5 = 2200 n/25 V D5= LED aerial input. be 

R2R4= 1502 C6 = 10 4/25 V tantalum The second-best application for the 

R3= 33.2 C7= 1 4/25 V tantalum Miscellaneous: active aerial is indoors. In this case, both 

R5,R8= 822 $1 = two-pole mains switch printed circuit boards and the aerial rod 

R6,R7= 1802 Coils: $2,S3 = two-pole changeover switch (now 1 m in length) can be installed in a 

R9=1k2 L1=4m7 Tr1 = mains transformer, 12 V/100 mA housing. 

R10,R11 = 100 Q L2=1m secondary Now all that is left is to try it out. Have 
fun and good DXing. K 
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TRANSISTORS SURVEY: AF and general-purpose types. 


PNP max max 
type NPN UcEO| Ic | Pmax hFE/Ic¢ compl. | fig. type hFE/I¢ compl. | fig. 
(Vv) | (mA)} (mw) (mA) 
BCi07 | N | 45 BCT77 | 1 BDi3a1 | N BD 132 | 4 
acios | N| 5 | 100] 300 />110 2 |pci78| 1 BD 132 |_P D131 | 4 
c109_| N Bc179 | 1 8D135 [N 8D 136 | 4 
BC140 | N | 40 Bc 160 | 1 BD136 |_P BD135 | 4 
Bc141_| N| 60 acie1 | 1 80137 [-N BD 138 | 4 
Be160 | P| 40 |1000 8700 >40 100 Jac rao | 4 8D138 | P 8D137 | 4 
Bc161_| P| 60 Bc141 | 1 BD139 | _N Bp140 | 4 
BC177_| P| 45 = BC 107 | 1 BD140 | P BD139 | 4 
gci7s | p | 25 | 100 gc108 | 1 Bp16e9 [N 80170 | 4 
Bc179 | P| 20 S110 BC 109 | 1 BD170 | P Bp 169 | 4 
BC 182 | N |_50 BC 212 [2 80183 [N bs aa 
BC 183 | N [35 >100 BC 213 | 2 8D 233 [N Bp 234 | 4 
Bc1s4_| N oe Bc214 | 2 BD 234 | P 8D 233 | 4 
BC212 | P | 50, 560 BC 182 | 2 BD 235 [N BD 236 | 4 
Bc 213 | P |g 300 |>80 2 |pc183 | 2 80236 |_P BD 235 | 4 
BC 214 | P $140 Bc 184 | 2 8D 237 [-N BD 238 | 4 
Dn Lasts Bc 307 | 2 BD 238 |_P 8D 237 | 4 
N Bc308 | 2 80239 [-N ap 240 | 6 | 2) 
N Bc309 | 2 8D 240 |_P 8p 239 | 6 | 2) 
P BC 237 | 2 go241 |N 8p242 |6 | 2) 
P BC 238 | 2 Bp 242 | P 80241 |6 | 2) 
P BC 239 | 2 80243 [N 0244 |6 | 2) 
P BC337 | 2 go 244 | P 80243 | 6 | 2) 
P 8c 338 | 2 8D 245 [N po 246 | 7 | 2) 
N BC 327 | 2 Bo 246 |_P_| 8p 245 | 7 | 2) 
N ac 328 | 2 BD 249 | N 8p 250 | 7 | 2) 
N eae) 52 BD 250 |_P 8p249 |7 | 2) 
P carr | 2 tay [82438 PSY o2 80436 | 4 
P BC517 1) |ao436 |p 8D 435 | 4 
NN] fS0s [400 | 828%] 780000] 20" Jeceie F210): |eD4a7 [No] gg 8D 438 | 4 
N acss6 | 2 BD438 | P 80437 | 4 
N >110 Bc557 | 2 Bp439 [N |< 2) 526 98 leo aao | 4 
N BC558 | 2 Bo440 | Pp 80439 | 4 
N a = | so4a1 [NTs 80442 | 4 
n 100 | 500 ler e2 BD 442 |_P Bp4ai | 4 
P Bc546 | 2 BDe43 TN | gp B0644 | 7 |1) 
P >75 Bc 547 | 2 Bo64a |_P 3a 80643 |7 |1) 
P cede | 2 sp64s [N | G5 Bp646 |7 |1) 
P = soe4e |_P 80645 |7 |1) 
P ease om Boe75 [N | ae epe76 | 4 |1) 
N Bcedo [3 Bo676 | P BD675 | 4 |1) 
P NOOO COG: 20 | IteO liscesa:| 3 Bo677 [NT Go ae tan tsa |B0678 |4 |1) 
BD678 |_P |” us BD677 |4 |1) 
Bp679 [N | ao ap680 | 4 |1) 
Notes: Bpeso |_P_| BD679 |4 |1) 
1) darlington Tiest TN Sas Tip32 |e |2) 
Dy eles! tip32_ |p Tip31 |e |2) 
Miran tips3 [TN Saale ooh fmies4 | 22) 
.B= 80V TIP 34 Pt ag TIP33 =| 7 12) 
C=100V Tip3s TN Senaec Soe laa clubs, | [2h 
Tip36 |p tip3s |7 |2) 
Tipa1 CN ripa2 |6 |2) 
TIP 42 P| osa |tiP41 |6 |2) 
Tip122 [NW SA lripia7 |e |1) 
TIP 127 LP ing Tip122 |6 |1) 
Tipia2 [IN pa [tipra7 |7 |r) 
Tip147 |p rip142 7 11) 
Tip 2956 | P an TIP 3055] 7 
TIP 3055 |_N Tip 2955] 7 
angoss [N] 7° | 18 Fo —|720 1 4A Inj 2085 | 5 
MJ2955 |_P 2N3055 | 5 
2n2955 [P| 25 | 100ml _03|>20 |foma| — 1 
4 2 3 4 6 7 
T0-18 T0-39 To-92 T0922 10-126 : T0-220AB 
(SOT-32) iia 
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DUAL SANPUT NOR-GATE PLUS INVERTER 


QUADRUPLE 2INPUT NANO GATE 


DUAL 4BIT STATIC SHIFT REGISTER 
4015 


QUADRUPLE 2INPUT NOR GATE 


DUAL 4 INPUT NANO GATE 


DECADE COUNTER/OIVIDER 


TRIPLE INPUT NANO-GATE 


012 a13 ata 


DUAL 4.INPUT NOR.GATE 


DUAL D-FLIP-FLOP. 


4013 


‘STAGE BINARY RIPPLE COUNTER, 
4028 


CMOS-IC's 


TRIPLE S:NPUT NOR-GATE 


4025 


SYNCHRONOUS PRESET TABLE BINARY/OECADE 
UP/OOWN COUNTER 


4029 


oaTAineuTs fle 


126IT BINARY RIPPLE COUNTER 
4040 


MONOSTABLE/ASTABLE MULTIVIBRATOR 
4087 


Rx _Axox, 


EXTERNAL 
COMPONENTS: 


DUAL JK-FLIP.-FLOP 
4027 


QUADRUPLE 2INPUT EXCLUSIVE-OR.GATE 


30 
4070 low power TTL compatible (fan out = 2), 


QUAD CLOCKED "0" LATCH 
4082 


HEX INVERTING BUFFER 
4049 
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8CD.TODECIMAL DECODER 
4028 


8co INPUTS 


BIT PARALLELAIN/PARALLEL.OUT SHIFT REGISTER 


4035 


roureuT—, 
8 8 8 PARALLEL INPUTS 
fgg Sipe tL ee 

Pia Ps PP 


121411} H10}) 9 


we EXTERNAL 
5 nesisyons 
Zz 283 “Re 


EXTERNAL 
CAPACITOR 


HEX BUFFER, 
4080 
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8 CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 4 SEGMENT LCD DRIVER BCD TO 7:SEGMENT DECODERI/LCD DRIVER 


4051 


IN/OUT sticer” 7 SEGMENT OUTPUTS 


46, ouT/IN 3) INMIBIT Veg a4 03 
ih a 
IN/OUT ourburs 


idur COMMON 


14STAGE BINARY RIPPLE COUNTER AND OSCILLATOR 8 INPUT AND/NAND GATE 
4060 


on on 


QUADRUPLE 2:INPUT OR GATE INPUT OR/NOR GATE 


QUADRUPLE 2INPUT AND GATE QUADRUPLE 2INPUT NAND SCHMITT-TRIGGER DUAL MONOSTABLE MULTIVIBRATOR 
4098 


EXTERNAL TRIGGER 
COMPONENTS outpurs, 


exTenval "= rruGcen — ouTPUTS 
COMPONENTS inpuT 


HEX SCHMITT-TRIGGER, CD TO 7 SEGMENT LATCH/DECODER/DRIVER DUAL 4-BIT SYNCHRONOUS UP.COUNTERS 


4518 BCD 
4520 binary 


7 SEGMENT OUTPUTS: ouTPUTS 8 
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= 
Linear ICs Voltage Regulators 
: ca 
301 hes 7805 A 7905 
Z 318 sO) a 7806 Or 6 7906 
: ee ee ™ 7812 7912 
(~} [<]o 741 
a> 5 CA3130 7815 7915 
of] (e] CA3140 7818 7918 
LF 355/356/357 ol le 7824 ally 7924 
TLO71/081 + ae i) ee 
inate out= ae out = 
1A -1A 
OO}... 78M05 O|.¢ 79M0s 
ne 78M06 «4 79MO06 
78M08 79M08 
1458 pile 7eM 15 7ONs 
4558 NE 542 
allio 78M18 5 79M18 
SuUI® = 78m24 + sll) = 79m24 
ae ity » 
ie we lies re me hare 
500 mA —500 mA 
a 78L05 79L05 
78L06 79L06 
78L08 79L08 
LM 324 78L12 79L12 
TLov4 RC 4136 78L15 79L15 
TLos4 oul 78L18 ally 79L18 
3 781.24 2, 791.24 
lout = lout = 
100 mA = =100 mA 
Uout = 5V LM 309K Uout = ~5V 
= lout= 1A = 
ain out Pimry 
SE ® oT B 
555 r + LM323K ‘ 4 lout = —3 A 
‘ lout= 3A Af 
LM 723 
Uout= 1,2V...37V examen 
CA3080 LM 13600 gunnenr ncouency 
i LM3i7K ot oiien 
cD fs> 10} 
= lout = 1.5. lout = 200 mA 
Vout = 
37 Vinas 
A oot neue yt purren 
ee eure Uret = 7,15 V 
Uz=6,2V 
Se 
Eo) 
te Oa ee [z]ve 
at urn aures Ky 
[olue 
et 


Input ») 


Output » 


All ICs shown top view 


Operating Voltage Range 


7805= 8V...35V 
7806= 9V...35V 
7808=11V...35V 
7812=15V...35V 
7815=18V...35V 
7818= 21V...35V 
7824= 27V...40V 


7905= —8V...—-35V 
7906= —-9V...-35V 
7908=—11V...—35V 
7912=—15V...-35V 
7915=—18V...-35V 
7918=—21V...-35V 
7924=—27V...—-40V 
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market 


Home telephone system (Elektor 89) 
Extensive tests have shown that improved 
performance can be realised with a few minor 
modifications regarding the power supply 
of the home telephone system. In short, it 
means lowering the power supply output to 
5 V. This really only applies to those systems 
where a large number of extensions are in use, 
The modifications to the circuit consist 
simply of changing a few component values 
and 1C1, the voltage regulator. All other com- 
ponents, including the transformer, can 
remain unchanged. 

The changes are as follows: 


R7 = 8k2 
R16=1k 
R18 = 33k 
R19= 10k 
R21 = 820k 
D7 =AA119 
1C7 = 7805 


Video printer 

The TP55 VIDEO PRINTER, now available 
from Thandar Electronics can be connected 
to any standard video source to provide an 
instant hard copy record print. Operating in 
response to a composite video signal, it needs 
no interface. Connection is made via a single 
coaxial cable offering limitless applications. 
It is especially suited as an accessory for logic 
analysers, or microcomputer terminals, with 
video output. 


All information appearing on the CRT, can 
be copied quickly and efficiently without 
modification. Both positive and negative 
prints can be provided. Compact and light- 
weight, the electrosensitive dot matrix printer 
is simple to operate and maintain, printing 
out on to a Sinch paper roll at 12 seconds per 
picture (normal resolution) or 24 seconds per 
picture (high resolution). 

Thandar Electronics Limited, 

London Road, 

St Ives, 

Huntingdon Cambs. 

Telephone: 0480.64646 


(2483 M) 


Inexpensive LCD multi-testers 
Three new LCD digital multi-testers are an- 
nounced by Semiconductor Supplies, Sutton. 
These compact, rugged units with 3% digit 
LCD readouts have carrying cases and probes 
and are guaranteed for a year. Prices range 
from £23.10 to £36.05 (plus VAT). 

Model KD-55C, at the top of the range, has 
twenty-eight measuring ranges including 
10 amps de and ac and a foldaway stand for 
bench use. The display includes polarity, over 
range, low battery overload indicators. There 
is automatic zeroing on all ranges. 
Semiconductor Supplies Internation Ltd., 
Dawson House, 

128/130 Carshalton Road, 

Sutton, Surrey, 

SM1 4RS. 

Telephone: 01.643.1126 


(2484 M) 


Portable oscilloscope 

Now available from Matron is the BS-310S 
dual trace oscilloscope. It is a portable in- 
strument designed for service applications 
and will double successfully as a bench scope 
as full Laboratory features are retained. The 
instrument is small and light weighing 5.5 kgs 
including internal rechargeable batteries 
which automatically charge whenever mains 


power is supplied. A built-in switching regu- 
lator ensures stable performance over wide 
variations in mains voltage and frequency and 
for external DC input. Specification includes 
15 MHz bandwidth, 2 mV sensitivity chop-alt 
selection, trace add-substract, 0.5 secs to 0.5 
microsecs per division timebase with X5 
magnifier and variable control, X-Y mode and 
TV sync. 

Martron Ltd., 

20 Park Street, 

Princes Risborough, 

Bucks. 

Telephone: 08444.4321 


(2481 M) 


market 
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Selective-call module 


Emu Systems Limited has developed a high 
quality Selective Calling device with many 
unique features ideally suited for the CB 
market. The Emu Selcall's main advantage is 
its ability to transmit and receive on two 
different codes, allowing for far greater 
flexibility when more than two units are in 
use. 

The receive code is programmed internally, 
whilst the transmit code is selected by three 
thumb-wheel switches mounted on the front 
panel. 


Other features include: 

1. The ability to mute/unmute the rig by 
momentarily depressing the Push to Talk 
switch. 

2. A message received light indicates that the 
unit has been activated during the user’s 
absence, thus requiring a return call. 

3. Very short transmit period of typically 
100 ms (about one tenth of a second), an 

exceptionally important point when com- 

paring with other units that require a total 

silent period on channel of between 5 and 7 

seconds. This means that there is little chance 

of another person corrupting the coded 
information whilst transmitting. 

4. 820 different coded tone bursts are avail- 
able for use on each channel, 

Like all other Emu CB accessories, the 

Selective Call Unit plugs directly into the 

microphone socket on the rig, with no need 

to make any internal alterations. Another 
feature avoids the need to hold the Unit on 

or near loudspeakers, microphones etc, —a 

real push button system! 

Emu Systems Limited, 

1 East Street, 

St Ives, 

Huntingdon, 

Cambridgeshire. 

Telephone: 0480.61177 


(2478 M) 


Frequency counter 

The model 8610B : 600 MHz has a frequency 
range of 10 Hz-600 MHz in three ranges with 
a Qdigit LED display with automatic decimal 
point and LED gate activity indicator. There 
is a front panel sensitivity control and two 
separate inputs for added versatility. Switch 
selectable gate times are: 0.1 second, 1 second 
and 10 seconds, Setability is + 2 ppm and 
time base frequency is 10MHz. Power 
requirement is 4.8 VDC-6.5 VDC (4 'C’ cells) 
or there is line voltage via an AC adaptor. 
Weight is only 1.3 Ibs without batteries. 
Stotron Ltd., 

Haywood Way, 

Ivyhouse Lane, 

Hastings, 

Sussex, 

Telephone: 0424,442160 


(2476 M) 


Inductive proximity switches 

The new Baumer micro-switch-size inductive 
proximity switched are designed as plug-in 
replacements ‘for conventional mechanical 


EMU 


® SELECTIVE CALL 


CALL RESET 


td 
°* © 
» ® MESSAGE 


micro-switches. With no moving parts, there 
are obvious advantages in long life, less 
maintenance and greater reliability. 

Switching capacity is 200mA, with npn or 


pnp make or break output, and operating 
voltages 5V to 30V. Intrinsically safe ver- 
sions are also available. Housing is robust 
plastic, in case size V3 with 6.3 x 0.8mm 
‘Faston’ connectors. 

Britec Limited, 

Unit 17, Bermondsey Trading Estate, 
Rotherhithe New Road, 

London SE16 3LL. 

Telephone: 01,237.8081 


(2475 M) 
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Digital oscilloscope 


The 4500 digital oscilloscope from Gould 
Instruments Limited offers a 35 MHz band- 
width on each of its two channels, and is 
equally suited to high-speed recording of 
single-shot or repetitive signals and to systems 
use in automatic testing applications. The 
instrument's twin 100 MHz digitisers enable it 
to achieve an absolute voltage accuracy of 
4£ 6.6% maximum over the recorded full-scale 
range, a resolution of 5,1 bits at 35 MHz, and 
a transient-response relative error of only 
+ 0.4% after 40 ns. 

The 4500 incorporates an easy-to-use, oscillo- 
scope-like control panel and display, plus 
an optional facility for computer control via 
an optional GPIB, RS-232C or fast access 
Unibus-compatible interface. A fast analogue 
interface is also included. 

In benchtop recording applications, the 4500 
can be used in the normal oscilloscope mode 
and by setting up the relevant parameters 
with the aid of software-generated on-screen 
menus, The menus allow the user to select 
functions such as signal averaging, cursor 
control, digital interface control, trigger 
source and filtering, or plotter interface 
control, 

The oscilloscope incorporates calculation 
facilities to allow mathematical comparison of 
acquired or reference waveforms, and an 


optional floppy-disk peripheral enables up to 
30 waveform acquisitions to be stored and 
later recalled to the display or to an external 
computer/controller. 

The 4500 can be operated in a roll mode, like 
an oscillographic chart recorder, or in a scroll 
mode, so that test points can be compared 
sequentially. For waveform comparisons, it 
has a reference-memory capacity of 4 kbyte. 
lt also has an acquisition-memory capacity 
of 1 kbyte per channel in the dual-channel 
mode, and 2 kbyte if a single channel is used. 
Up to four sets of instrument set-up par- 
ameters can be stored in a battery backed-up 
random-access memory. The display makes 
use of a 5004ine vertical raster scan, which 
not only offers a higher-resolution display 
with more characters than the traditional 
flying-spot technique, but also aids the gener- 
ation of ‘menu’ displays. 

Gould Instruments Limited, 

Roebuck Road, 

Hainault, 

liford, 

Essex. 

Telephone: 01.500.1000 


(2443 M) 


market 


serse08s 


3 traces oscilloscope 


The V-650F 60MHz laboratory portable 
oscilloscope from Hitachi has the facility for 
displaying three traces simultaneously by way 
of it’s versatile trigger-view function which 
can be used to access a Channel-3 input and 
display in either alternate or chopped modes, 
Other features include vertical sensitivity to 
1 mV/division, dual tirnebases with calibrated 
delay multiplier and full B trigger control 
variable trigger hold-off and sweep speeds to 
5 nsec/em using the X10 magnifier. The 6%’' 
rectangular CRT has a metal backed phosphor 
for increased brightness and an internal 
graticule to avoid parallax errors. Trace sharp- 
ness is particularly good, 

A new and unusual feature is the Channel-1 
output socket which enables a frequency 
counter, chart recorder or digital storage 
unit to be driven using the gain or atienuation 
of the internal Y amplifier. 

Reltech Instruments, 

Coach Mews, 

St. Ives, 

Huntingdon, 

Cambs. PE17 4BN. 

Telephone: 0480.63570 


(2439 M) 


Miniature 5 V thermal printer 


The K160 is a 16 column miniature thermal 
printer mounted on a printed circuit board 
from Roxburgh Printers. It consists of a print 
head, the SP 285, on a PCB together with the 
power supply, drive electronics and interface 
to a microprocessor bus, 

A distinctive feature is that only a +5 Vde 
supply is required as an inverter is used to 
generate the thermal elements’ voltage. As 
the K160 also interfaces directly to an 8 bit 
parallel bus, incorporating it into a micro- 
processor system is extremely simple, ASCII 
data is sent to the K160’s customised micro- 
processor which also controls all timing, drive 
and character generating functions of the 
print head, It also has programmable line feed 
and self test programs. The K160 uses 38 mm 
wide thermal paper and prints at 1,75 lines 
per second, The right two columns are offset 
by one column which can be useful for 
printing units or exponential powers, 
Roxburgh Printers Ltd., 

22 Winchelsea Road, 

Rye, 

East Sussex, 

Telephone: 07973.3777 


(2442 M) 


market 
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True RMS 4% digit multimeter 

The newly introduced 1504 multimeter from 
Thurlby Electronics combines true RMS ac 
measurements with a 4% digit scale length. 
The instrument is designed for bench or field 
operation and has a high contrast Liquid 
Crystal Display with a full scale of + 32,000 
counts which gives it 60% greater resolution 
than 4% digit units. 

The basic accuracy is 0.05% guaranteed for 
1 year and the 1504 can measure dc voltage 
up to + 1200 volts, ac voltage up to 750 V, de 
and ac current up to 10 amps, and resistance 
up to 32 MQ. Sensitivity on the 320 mV de 
range is 10 V, and voltages up to + 3,2 volts 
can be measured with an input impedance 
greater than 1,000 MQ avoiding loading errors 
when measuring high impedance circuity. 
Maximum sensitivity on de current is 1nA, 
and on resistance is 0.01 2. 

All ac measurements are True RMS re- 
sponding and consequently give a correct 
reading of the power content of non-sinus- 
oidal waveforms such as those found in 
thyristor switching circuits. The meter will 
accept a crest factor (peak to RMS ratio) of 
5 at 10,000 counts. 

The resistance ranges provide for high accu- 
racy diode test measurements by virtue of 
their constant current excitation system, 
whilst the long scale length enables in-circuit 
resistance measurements to be made across 
semi-conductor junctions without losing accu- 
racy. The 1504 also features a frequency 
measurement function which enables pulse 
waveforms up to 3.9999 MHz to be measured 
with an accuracy of 0.005% and a resolution 
of 100Hz. All ranges and functions are 
protected against overload to a minimum 
voltage of 250 V rms. The meter is housed in 
a rugged ABS bench/portable case measuring 
Qin x Yin x 2% in and weighing 2% Ibs. It can 
Operate from ac line power or from internal 


tt] 10% 


batteries by virtue of its low power consump- 
tion. The 1504 is supplied complete with test 
leads and manual and costs £175 plus VAT 
within the UK, 

Thurlby Electronics Ltd., 

Coach Mews, 

St. Ives, 

Huntingdon, 

Cambs, 

PE17 4BN. 

Telephone: 0480.63570 


(2482 M) 


PCB mounting inductive 
proximity sensors 


Baumer Electric of Switzerland announce the 
IFR-1082 series of miniature proximity 


) ) 
SIS II= = 


sensor which are ideal for multiple switching 
applications, and are small enough to be 
mounted in rows on a PCB: for example to 
detect the positions of various cams in a bank 
and for sequential switching. Models with 
minimum sensing distances 2mm or 4mm 
are available. 

The small size, and hence close packing den- 
sity, make the IFR 1082 series sensors very 
simple to mount and to design in, and prices 
are very much lower than conventional 


inductive proximity devices. 
Britec Limited, 

Unit 17, 

Bermondsey Industrial Estate, 
Rotherhithe New Road, 
London SE16 3LL. 
Telephone: 01.237.8081 


(2479 M) 


Memory mapped VDU card 

A memory mapped VDU card is one of a 
range of Z80 single Eurocards available from 
Electronic Hobbies Ltd. The card is of the 
standard 100 x 160mm (6% x 4 in) size and 
is fully compatible with others in the series. 
It has a 2K RAM optimised for a 80x 24 
character display and is priced at £305 (plus 
P&P at £1.75 and VAT). Less sophisticated 
versions are available from £170. 

A display of up to 8,000 characters or 256 x 
256 graphic dots can be produced, configured 
by software from an optional screen memory 
of 1K to 8K bytes. Similarly text or tables 
may be generated with from 20 to 128 
characters per line and up to 64 lines dis- 
played, 

Display size, character width and graphic 
modes are controlled by software which 
offers greater flexibility. The card has the 
advantage over some existing systems, en- 
suring a consistent display, by giving display 
generation optional priority, allowing the 
CPU to ‘wait’. For other systems, circuit 
generation can result from attempted simul- 
taneously access to screen memory by the 
CPU and the disply, thus enabling the CPU 
to take control and degrading the display 
quality. 

The card can also operate in a system with 
64K RAM, display memory accessed from 
the CPU may be configured to ‘shadow’ the 


existing system memory with display memory 
appearing at row and column addresses to 
the CPU, the necessary decoding to ‘linear’ 
addressing is then transparently handled by 
the card, 

There are three graphic modes available, one 
giving a bit mapped display, each memory 
bit corresponding to a single dot on the 
screen; the second divides character cell into 
8 blocks, using one bit of the data word to 
control each block; the final mode controls 
predetermined graphic shapes intended for 
line drawings, using 3 bits in each word. 
Electronic Hobbies Ltd., 

17 Roxwell Road, 

Chelmsford, 

Essex CM71 2LY. 

Telephone: 0245.62149 


(2474 M) 
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advertisement 


NEW 
T.V. GAMES 
CASSETTE 


All you wanted in one cassette 


File 1: Aliens 

Objective: Shoot the aliens, The higher up the screen 
they are, the more points you gain. You have three 
launches; losing the third ends the game. 


File 2: Flipper 

Objective: Keep the ball in play for as long as possible. 
You have five balls for each game, as displayed at lower 
left. 


File 3: Helicopter 

Objective: Transport crates across a mountain, by 
helicopter, and lower them carefully onto a truck. The 
number of crates can be selected in advance; the fuel 
supply is restricted accordingly. 


File 4: Teaser 
Objective: Obtain a pattern consisting of a single 
square in the centre, surrounded by eight crosses. 


File 5: Catapult 
Objective: Destroy your opponent's fortress by 
throwing rocks at it. 


File 6: Pilot 

Objective: Pilot an aeroplane through a complete 
sequence of take-off, flight and landing, on the basis of 
instrument readings and instructions from the ground. 
The instruments are an artificial horizon (in the centre 
of the screen), an altimeter (upper right) and an air- 
speed indicator (upper left). Furthermore, an 
indication of your progress during take-off, along the 
flight path and when landing is given in the lower half 
of the screen. To the left and right of this, arrows 
indicate any required course changes (or ‘OK') and 
instructions to increase or decrease altitude, These 
instructions must be followed up immediately. 


File 7: Space attack 
Objective: Survive as many attack waves as possible, 
without being hit by the various missiles. 


File 8; Reverse 

Objective: Obtain the correct numerical order (1... 8) 
in the minimum number of steps. 

Set up the numbers in random order, by 

operating the —key at intervals of one or two seconds. 
Then reverse the order of any number of digits, 
counting from the left, by operating the corresponding 
number key (2... 8). The number of steps required is 
indicated at the end of the game. 


File 9: Space hunt 

Objective: Pass through several sectors of space. After 
eliminating all enemies in each sector, pass on to the 
next by moving off the right-hand edge of the screen. 
Enemies can be knocked out by ramming, provided 
your shields are raised (even then it isnot 
recommended unless there is a starbase nearby). 
Unshielded enemies can be shot with torpedoes. 
Shielded enemies can only be killed by means of a 
phaser attack, but this is expensive on energy. 


File A: Basket-ball 

Objective: Score by landing the ‘ball’ in the ‘basket’. 
Total playing time: five minutes. 

Players are moved horizontally by means of the 
joysticks, When a player is manoeuvered so that he 
appears facing forwards, vertical movement is also 
possible under joystick control (this corresponds to 
moving from one side of the field to the other). 


File B: Bursting balloons 

Objective: Destroy the balloons (or ‘ceiling bricks’, if 
you prefer), by bouncing the missile off them. You 
have five missiles per game. Scoring: green = 1 point, 
blue = 5 points, red = 10 points. The ‘highest score of 
the day’ is displayed at the lower edge of the screen. 
When the last balloon is hit, a comple new set appears 
immediately, so that quite high scores can be achieved. 


File C: Fiir Elise 
Objective: Add a touch of ‘culture’ to the computer 
era. 


File D: Editor 

Objective: This program consists of six independent 
routines that have proved useful when developing or 
modifying software. 

3: Disassembler, Enter the Start Address of the 
program to be examined. 


File E: Galgenspiel 


File F: Hangman 

These two files are German: and English-language 
versions of the same program. The objective is to 
guess a word that is selected at random from an 
extensive vocabulary. 


File 1: Hangman word entry 

Objective: This program is loaded immediately after 
file E or F, and is used to compile a new vocabulary 
for ‘Hangman’. 


General comments 

Joystick calibration: where relevant, this is included in 
all programs. Note that it is essential that the joysticks 
are centered when the program is first started. 


Sound effects: All programs have been modified to 
utilise any sound effects generator that is available: 


ALL THIS FOR 


NLY 


See our ESS 
Service list 
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CMOS-TTL : 
4001 


RETAIL SHOP OPENING HOURS 

Monday to Thursday 8.30-6.30 
Friday 8.30-8.30 Saturday 9.00-5.30) Switched - Capacitor Filter: 
(Access + Barclaycard orders accepted) 


ALL PRICES SHOWN EXCLUDE VAT. P&P 50p per order. 
AMBIT. INTERNATIONAL 


200 North Service Road, Brentwood, Essex 


TELEPHONE (STD 0277) 230909 TELEX 995194 AMBITG POSTCODE CM144SG 


NOW IN STOCK 


Price £5.05 


DEPT.ELEKTOR 


THE MOST COMPREHENSIVE RANGE OF COMPONENTS, KITS 
AND MODULES IN THE WORLD & THERE’S ONLY ROOM FOR A 
FRACTION HERE, GET THE CATALOGUE AND FIND THE REST, 


011 4515 1.25 74LS10 0.12 74LS$138 0.30 
0.13 4516 0.60 74LS11 0.12 7418139 0.30 
0.25 4518 0.35 7ALS12 0.12 74LS145. 1.20 
0.30 4520 0.60 74LS13 0.20 74LS151 0,30 
0.11 4821 1.30 © 74LS14 0:30 7418153, 0.27 
0.14 4522 0.89 74S20 0.12 74.8154 0.99 
0.25 4526 0.60 74.821 0.12 74LS155 0.35 
0.22 4527 0.80 74LS22 0.12 74LS156 0.37 
0.40 © 4528 065 74.826 0.14 © 74L8157 0:30 
0.38 4529 0.70 74LS27 0.12 74LS158 0.30 
0.55 4531 0.65 74828 0.15 74LS160 0.37 
0.55 4532 0.80 74LS30 0.12 7418161 0.37 
0.55 4534 4.00 7ALS32 0.12 74LS162 0.37 
0.15 4536 2.50 74LS33 0.15 74LS163 0.37 
0.33 4538 0.85 74.838 0.14 74LS164 0.40 
0.15 4539, 0.80 74LS40 0.13 74LS165 0.60 
0.26 © 4543 0.80 — 24L$42 0.30 74.8168 0.70 
i} 0.35 4549 3.50 7ALS47 0.35 24LS169 0.85 
i 0.50 4553 2.70 74(S48 0.45 74LS170 0.90 
ey 0.60 4554 1,20 74LS49 0.55 74LS173 0.60 
a 0.60 4555 0.35 74LS51 0.13 74LS174 0.40 
0.24 4556 0.40 74L854 0.14 748175 0.40 
» 0.24 4557 2.30 7ALS55. 0.14 74LS181 1,05 
a 0.55 4558 0.80 74.873 0.21 74LS190 0.60 
[-*] 0.75 4559 3.50 74LS74 0.16 74LS191 0.60 
on 4066 0.30 4560 2.50 74LS75, 0.22 74LS192 0.45 
pe 4068 0.16 4561 1,00 7ALS76. 0.20 74.8193 0.42 
°o 4069UB 0.14 4562 2.50 74LS78 0.19 74L8194 0.35 
~ 4070 0.16 4566 1.20 74.883 0.40 74LS195 0.35 
Sm 4071 0.16 4568 1.45 741885 0.60 —74LS196 0.55 
Ce 4072 018 4869 1:70 74L886 0.14 74LS221 0.50 
A 4073 0.16 458) 0.18 74LS$90 0.28 748240 0.80 
ne 4075 0.16 4572UB 0.22 74LS92 0.31 74.8241 0.80 
wn 4076 0.55 4580 3.25 74LS93 0.31 74LS242 0.70 
T 4077 0.18 4581 1.40 74.895 0.40 24LS243 0.70 
. 4078 0.18 4582 0.70 74LS96 1.20 74L8244 0,60 
a 4081 0.12 4583 0.80 7418107 0.25 748245 0.80 
oe 4093 0.30 4584 0.27 74LS109 0.20 74.8257 0.40 
A 4175 0.80 4585 0.45 7ALS112 0.20 74LS258 0.37 
4502 0.60 40174 1,05 74LS113 0.20 74LS260 0.50 
a 4503 0.50 40195 1,08 74LS114 0.19 74LS266 0.22 
5 4506 0.70 74LS00 0.10 74LS122 0.35 74LS273 0.70 
n 4507 0.37 74LS01 0.10 74L$124 1.80 74LS279 0.35 
al 4508 1.50 74L802 O11 74181230135 7a 8365 0.32 
nm 4510 0.55 74S03 O11 7ALS125 0,24 74LS366 0.34 
» 4611 0.45 74.804 0.12 748126 0.24 74LS367 0.32 
> 4512 0.65 24LS05 0.13 74.8132 0.42 74LS368 0.35 
Gy 4614 1.26 74808 0.12 © 7418133 0.24 © 7418373, 0.70 
cS) Memory Micros Linears: 
rF LM10CN 3.88 SLI611 1.60 KB4433 1.62 U265, 3.16 
[oy L149 1.86 SL1612 1.60 KB4413 1.95 266 2.43 
Cy 02378 1.28 SL1613, 2:06 KB4436 2.63 C7137 7:50 
02478 1:28 $L1620 217 KB4437 1.75 1CM72168 19.50 
By U2578 1:28 $L1621 217 © KB4445 1:29 ICM7216C 19.98 
bel) 02678 1:28 $L1623 2.44 KB4446 2.75 ICM7217A 9.80 
a 32 0.45 SL1625 2:17 NES044 2.26 spB647 6.00 
Wl LM339N 0.66 SL1630 1.62 MC5229 9.60 95H90 7.80 
ayy LF347 160 SL1640 1.89 $L6270 2.03 HD10551 2.45 
Pm L348 0.90 SL1641 1.89 SL6310 2.03 HA12009 —6.00 
Poy F351 0.49 TOA2002 1:25 —SL6440 3.38 H044015 4.45 
fe) F353 0.76 ULN2242 3.05 SL6600 3.75 H044752_— 8.00 
ti LM380N = 1.00 ULN2283 1.00 « SAS6610 «1.48 ~—« MC145151P 6.00 
ZN419CE 1.98 CA30B9_ «=«- 1.84. SL6640 2.75 280A 3.75 
HM 242768 © 6.28 CA3130€ +0180 -—-SL6690, 3.20 Z80AP10 3.50, 
fey NES44 1.80 CA3130T $L6700 2.36 Z80ACTC 4.00 
i NESSSN 0.20 CA3140E SAS6710 1.48 + Z80A OMA 9.95 
fe BR 198 CA31896 \s7225 3.65 Z80A DART 7.50 
yy Nesea 4:29 CA3240E ICM7655 0.94 280A $10/1 11.00 
NES67 1:30 MC3357 ICL8038CC 4.50 280A $10/2 11.00 
Fx A741CN 0.20: ULNG859 TK10170 187 280A. 810/9 9.95 
Ke TBAS20M == 0.78 -~— LM3900 TK10321 2.78 28001 65.00 
a ZNA1034 © 2:10 LM3909N HAI1223 2.16 8265 2:58 
Fl LM1035 4,50 LM3914N HA11225 1.45  6800P 2.90 
foWy TOAI062 «1.95 + KB4412 HA12002 1.22 «6809 8.75 
wh TOA1083 1.95 KB4417 HA12402 1.95 6802 3.50 
TDA1090 3.05 KB4420B HA12411 1,20 68A00P 4.26 
aly HA1197 V00  KB4423 HA12412 1165 68BOOP 4.65 
i] MC1360 1.20 KB4424 LF13741 0.33 2114-42 1.49 
a HA1370 1:90 84430 MK50375 3.85 4116.2 1:59 
HA1388 2.75 KB4431 MM63200 3.90 2732 4,00 
| SL1610 1.60 KB4432 U264 2.27 2716 3.00 
8.00 
(| AND THERE'S PLENTY MORH IN THE CATALOGUE 70p inc. 
SS —<— eee ing, 
ft Coils, Filters: Toko, Murata, NTK, Cathodeon. 
it 
f= SFE6.OMA 0.80 CDA10.7MA 0.70 10M15D 14.50 
iam ©=CFSE10.7 0.80 SFE27MA 0.94 LFB4 1.95 
[ SFE10.7MA 0.45 SAF10.7MC-2 3.75 LFB6/CFU455H 1.95 
CFSB10.7 0.50 MF45510AZ12118.55 LFB8 1.95 
SFE10.7MJ 0.50 MFL45501L 11.95 LFB10 1.95 
SFA10.7MF 0.75 10M15A 1.99  LFB12/CFU455F 1.95 
SFE10.7ML 0.70 21M15A 3.45 LFH6S/ 
SFE10.7MX 0.95 45M15A 5.95 CFW455HT 2.45 
CFSH10.7M1 0.50 10M22D 17.20  LFH8S 2.45 
CFSH10.7M2 0.50 10M8D 15.50  |.FH12S/ 
CFSH10.7M3 0.50 CFW455FT 2.45 
TOKO FIXED VALUE CHOKES (E12 Values) 
7BA- 1 to 1000uH 16p JORB - 1 to 120mH 33p 
8RB - 1 to 33mH 19p 10RB - .15 to 1.5H 43p 


MF10 — National's new Dual 


Up-to-date electronics 
for lab and leisure 


elekttor 


If you experienced difficulty in obtaining this 
magazine take this form along to your 
newsagent and ask him to reserve a copy for 
you each month, 
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If you experienced difficulty in fulfilling our 
customers order, contact our distributors: 
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CRICKLEWOOD ELECTRONICS LTD 


40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET. Tel: 01-4520161 TELEX: 914977 CRIKEL G 
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Mail to: 


ELEKTOR PUBLISHERS., ELEKTOR HOUSE, 
10 LONGPORT, CANTERBURY. CT1 1PE. 


Please attach magazine label here, list new address 
below, and mail six to eight weeks before you move. 
If you are receiving duplicate copies of Elektor, 
please send both labels. Or if you have a question 
about your subscription attach label here and clip 
this form to your letter. 
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READERS. 
CLASSIFIED 


We invite our readers to in- 


sert advertisements into 
our ‘Classified Section’. 


If you have something to 
sell, exchange, or buy, fill 
in this form and send it to 
us with your remittance. 


The rate (prepaid) is 20p 
per word. Minimum charge 
is £2.40 (12 words). Please 
read Conditions of Accept- 
ance on Classified ads page. 


When completing the form 
use CAPITAL LETTERS, 
one word per box. Your 
advertisement must include 
your address or telephone 
number. Please also add 
your name and full address 


PAD DRESS 35 eS shee aie shea catch ag th a cea tacratllnia Ss Casati nr aisle tia tant tela tata oie Sa Meda ea ecln rn een Seakae aS 


advertisement 
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THE MULTI-PURPOSE TIMER HAS ARRIVED 


Now you can run your central heating, lighting, hi-fi system and lots 
more with just one programmable timer. At your selection it is 
designed to control four mains outputs independently, switching on 
and off at pre-set times over a 7 day cycle, e.g. to control your central 
heating (including different switching times for weekends), just 
connect it to your system programme and set it and forget it—the 
clock will do the rest, 


FEATURES INCLUDE 
* 0.5" LED 12 hour display. 
* Day of week, am/pm and output status indicators. 
* 4zer0 voltage switched mains outputs, 
* 50/60Hz mains operation, 
Battery backup saves stored programmes and continues 
time keeping during power failures. (Battery not supplied). 
lay blanking during power failure to conserve battery power. 
18 programme time sets. 
Powertul “Everyday” function enabling output 
to switch every day but use only one time set. 
Useful “sleep” function-turns on output for one hour. 
Direct switch control enabling output to be turned on 
immediately or after a specified time interval. 
20 function keypad for programme entry. 
* Programme verification at the touch of a button, 


(Kit includes all components, PCB, assembly 
and programming instructions). 


d 3-NOTE DOOR CHIME Jd o 
Based on the SAB0600 IC the kit is suppied with all 
components, including loudspeaker, printed circuit 
board, a pre-drilled box (95 x 71 x 35mm) and full instruc- 
tions, Requires only a PP3 9V battery and push-switch to 
complete. AN IDEAL PROJECT FOR BEGINNERS, 


Order as XK102. £5.00 


For a detailed booklet on 
remote control — send us 
30p & SAE today. 


“OPEN-SESAME” 


The XK103 is @ general purpose infra-red transmitter/ 
receiver with one momentary (normally open) relay con- 
tact and two latched transistor output. Designed primarily 
for controlling motorised garage doors and two auxillary 
outputs for drive/garage lights at a range of up to 40 ft 
The unit also has numerous applications in the home for 
switching lights, TV, closing curtains, etc. Ideal for aged 
or disabled persons. 

The kit comprises a mains powered receiver, a four 
button transmitter, complete with pre-drilled box, 
requiring a 9V battery and one opto-isolated solid state 
switch kit for interfacing the receiver to mains appliances. 
As with all our kits, full instructions are supplied. 


Only £23.75 


Extra Solid State Switch Kits (XK104) and transmitters, 
(XK105) can be supplied. 


XK104 £2.40 


ALL 
PRICES 
EXCLUDE VAT 


REMOTE CONTROL KITS 

MK6 SIMPLE INFRA RED TRANSMITTER 
Pulsed infra red source complete with hand-held plastic box. Requires a 9V battery. £4.20 
MK7 INFRA RED RECEIVER 
Single channel, range approx. 20ft. Mains powered with a triac output to switch loads up to 500W. 
at 240V ac, £9.00 {RC500K ~Special Price for MK6 and MK7 together £12,50 
MK8 CODED INFRA RED TRANSMITTER: 
Based on the SL490, the kit includes all components to make a coded transmitter and only 
requires a 9V (PP3) battery and keyboard, 8 x 2x 1.3cms £5, 
MK10 16-WAY KEYBOARD 
For use with MK8 and MK18 to generate 16 different codes for decoding by the ML928 or ML926 
receiver (MK12) kit. £5.40 
MK11 10-Channal + 3 Analogue o/p IR Receiver 
Based on ML922 decoder IC. Functions include on/standby output, toggle, control of volume, 
tone and lamp brightness. Includes its own mains supply. £12.00 
MK12 16-CHANNEL IR RECEIVER 
For use with MK8 kit with 16 on/off outputs, which with further interface circuitry, such as relays 
or triacs, will switch up to 16 items of equipment on or off remotely. Latched or momentary out: 
puts = please specify when ordering. Includes its own mains supply. £11.95 

IK13 11-WAY KEYBOARD For use with MK8, MK18 and MK11 kits. £4.35 
MK16 Mains Powored IR Transmitter 
Mains powered for continuous operation ~ single channel, for applications such as burglar 
alarms, automatic door openers, etc. Range approx. 6 ft, £2.50 
MK17 12V d.c. IR RECEIVER, 
For use with MK6 or MK16. Relay output with DP 3 Amp change-over contacts, may be used as 
latched, momentary or "break beam” receiver, Operates from 6-13V d.c. £9.50 
MK18 HIGH POWER IR TRANSMITTER 
Similar to MK8 but with range of approx. 60ft. £6.20 
Ancillary Kits : MK2 Solid State Relay 4 
Opto-isolated with zero voltage switching. No. triac supplied. £2.60 
MKK15 DUAL LATCHED SOLID STATE RELAY 
Comprises 2 x solid state relays and latch for use with momentary version of the MK12. 2 output 

triacs required (not supplied). £4.50 


XK105 £10.50 


SHORT FORM CATALOGUE - send SAE 
(6”"x 9"). We also stock Vero, Books, 
Resistors, Capacitors, Semi-Conductors etc. 


HOME LIGHTING KITS 


‘These kits contain all necessaiy components and full 
instructions & are designed to replace a standard wall 
‘switch end control up to 300w. of lighting, 


£14.30 


immer 
MK6 —Transmitterforabove £ 4.20 

£7.00 
TOEK — exten: 


ion kit for 2-way 
switching forT0300K £2.00 


£3.50 


TDR300K Remote Control 


TD300K Touchdimmer 


LO300K Rotary Controlled 
Dimmer 


We have the SOFTY 2 
EPROM programmer in 
stock at £169 


MINI KITS 

MK1 TEMPERATURE 
CONTROLLER/THERMOSTAT 
Uses LM3911 IC to sense tempera- 
ture (80°C max.) and triac to switch 
heater. 1KW £4.00 
MiK2 Solid State Relay 
Ideal for switching motors, lights, 
heaters, etc. from logic. 
isolated with zero voltage switchin, 
Supplied without triac £2 
MK3 BAR/DOT DISPLAY 
Displays an anelogue voltage on a 
linear 10 element LED display as a 
bar or single dot. Ideal for thermo- 
meters, level indicators, etc. May be 
stacked to obtain 20 to 100 element 
displays. Requires 5-20V supply. 
MK4 PROPORTIONAL 
TEMPERATURE CONTROLLER 
Based on tho SL441 zero voltage 
switch, this kit may be wired to form 
@ “burst fire” power controller, 
enabling the temperature of an en: 
closure to be maintained to within 
0.5°C, Max, load 3KW. £5.55 
Mixs MAINS TIMER 
Based on the ZN1034E Timer IC this 
kitwill switch a mains load on (or off) 
for a preset time from 20 mins, to 35 
hrs. Longer or shorter periods may 
be ‘realised by minor component 

changes. Max. load 1KW. £4.50 


DISCO LIGHTING KITS 
DL 1000K 
This value-for-money __ kit 
features a irectional 
sequence, speed of 5 
and frequency of direction 
change, being variable by 
means of potentiometers and incorporates a 
master dimming control. 
Bizteok Only £14.60 
A lower cost version of the above, featuring 
undirectional channel sequence with speed 
variable by means of a pre-set pot. Outputs 
switched only at mains zero crossing points 
to reduce radio interference to a minimum. 


Optionat opto inpurouar ONY £8.00 


Allowing audio (""beat”)—light response, 


NEW pr 000K 60p 


This 3 channel sound to light kit features zero 
voltage switching, automatic level control & 
built in mic. No connections to ‘speaker or amp 
required, No knobs to adjust ~ simply connect 


to mains supply & lamps, 
(1kw/Channel) Only £11.95 


DVM/ULTRA SENSITIVE 
THERMOMETER KIT 


This new design is based on 
the ICL7126 (a lower power 
version of the ICL7106 chip) 
and a 312 digit liquid crystal 
display. This kit will form the 
basis of @ digital multimeter 
(only a few additional resistors and switchos 
are required—details supplied), or a sensitive 
digital thermometer (-50°C to +150°C) 
reading to 0.1°C. The basic kit has a 
sensitivity of 200mV for a full scale reading, 
automatic polarity indication and an ultra 
low power requirement—giving a 2 year 
typical battery life from a standard 9V PP3 
when used 8 hours a day, 7 days a week 


THE KEY TO YOUR SECURITY IS IN OUR LOCK 


If the thought of car thieves, house breakers or people tampering with your electrical and 
electronic equipment upsets you, we have just the kit for you. 

Our ELECTRONIC LOCK KIT includes 10-way keyboard and a special IC which provides a 
750mA output to drive a solenoid or relay (not supplied) when four keys are depressed in the 
correct sequence. This gives over 5,000 possible combinations! The sequence is prewired and 
may be easily changed by means of a small plug and socket. A "SAVE" function is also 
available enabling the open code to be stored (especially useful in a car when itis left ina 
garage for servicing as the open code need not be disclosed). Size: 7x6x3 cms. Power 


Consumption is 40uA at 5V to 15V d.c. 


At only £10.50 + VAT, itwill make a | 


smaller hole in your pocket 
than a bunch of keys! 


Electric Lock Mechanism 
Suitable for use with existing 
door locks and above electronic lock kit. 


£13.50 


24 HOUR CLOCK/APPLIANCE TIMER KIT 


Switches any appliance up to 1kW. 
on and off at present times once per 
day. Kit contains: AY-5-1230 IC, 
0.5” LED display, mains supply, 
display drivers, switches, LEDs, 
triacs, PCBs and full instructions. 


CT1000K Basic " 
CT1000K with white box (56/131 x 71mm! 
(Ready Built) 


Add 55p postage & packing +15% VAT to total. 


Overseas Customers; 


Add £1.75 (Europe), £4.50 (elsewhere) for p&p. 
Send S.A.E. for further STOCK DETAILS. 
Goods by return subject to availability. 


OPE 


No circuit is complete without a call to- 


9am to 5pm (Mon to Fri) 
10am to 4pm (Sat) 


EALING 8 NORTH, 
CIRCULAR RO 


HANWELL 
UT GARAGE 


ELECTRONICS@M 


11 Boston Road fom 
London W7 3SJ Cemaesee 6) siszeuzonoers | 


01-579 2842 TECHNICAL Arter apm 
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ORDERING INFORMATION Payment must be in advance. 


1. For UK and all countries except the USA: payment, incl. £ 0.50 postage and packing direct to Elektor Publishers Ltd., or via bank transfer 
to The Midland Bank Ltd., Canterbury, A/C no. 11014587, sorting code 40-16-11. 
2. For the USA only: Please make your cheque/money order payable to Elektor Publishers Ltd., Bank of America, c/o File No. 1504, 
1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prices include post & packing, surface mail. If air mail, please add $ 1.50. 


eps 
Many Elektor circuits are accompanied by designs for £42: OCTOBER 1978 E69: JANUARY 1981 
printed circuits. For those who do not feel inclined to resonance filter module 9951 4.45 10.50 disco ceiling lights 81012 8.70 20.50 
etch their own printed circuit boards, for their own VHF/UHF modulator 9967 1.55 4.— big VU meter 
use only, a number of these designs are available as low voltage board 81085-1 2.30 5.50 
ready etched and pre-drilled boards, Delivery time is £43: NOVEMBER 1978 main board 81085-2245 6 
approximately three weeks, U.K./air mail. ASCII keyboard 9965 7.70 18,50 
E70: FEBRUARY 1981 
£44: DECEMBER 1978 voiced/unvoiced detector 
elekterminal 9966 750 18.— detector bord 810271 340 8— 
switch boar 81027-2405 950 
Example: E48; APRIL 1979 
digisplay (E13) 9376 3.25 7.25 TV games computer: E71; MARCH 1981 
1 2 3 4 5 UHF/VHF modulator movement detector 81110 2.35 5.50 
(see E42, October 1978) 9967 1.85 4— — MWreceiver B11 195 4.50 
1, Circuit title main board and multiple sound effects 
reference to associated article(s) documentation 79073 19.96 47.60 feneketor, Bue 208 ne 
Al neralnatiber power supply 79073-1 2.45 6.— — High Com: 
wie keybosrd pcb, 790732 3.65 8.50 2.complets mmoriiles 
ge , i a omplete set of four boards uilt and tested) + 
4 price in Ellinelusive of 15% VAT (9967, 79073, 7907341, 1 main board a 
i 4 Hf i }-2), documentation self-adhesive 
6. ipricelin $; not including tax(if/any) and one ESS software front panel 81117-1 35.70 85,— 
record (ESS 006): 26.25 62.50 power supply 81117-2 2.05 Si 
UAA LED voltmeter 
£ $ £49: MAY 1979 (2 boards) 9817 2.70 6.50 
E26: JUNE 1977 BASIC microcomputer 79075 640 15,— peak programme meter 9860 2— 6 
formant: keyboard interface for Ps 79101 1.40 3.50 
interface (E25) 9721-1 3,35 Came ol egret 72: APRIL 1981 
: i h — 
E29: SEPTEMBE 81977 stereo decoder 79082 240 5.60 intelokt maker Bii2d «868 (18.50 
formant (E25, E26): ; pats 
interface receiver 9721-2 140 350 £53: SEPTEMBER 1979 Unigeepoweredpplyi SoM zee ae ae 

power supply 9721-3 5.50 13.— parametric equaliser, £73: MAY 1981 

keyboard divider filter section 9897-1 1.65 4— logic analyser: 

(one octave) 9721-4 1,30 3— tone contro} section 9897-2 1.65 4— main board 81094-1 8.35 20. 
£31; NOVEMBER 1977 E55: NOVEMBER 1979 De oad Bicone oteh a 
formant (E25... £30): topamp 80023 145 3.50 cursor board 810944 3.25 7/50 

VCO! sais as 9723-1 9.90 23.50 display board 810945 1.45 3.50 
experimenting with the SC/MP: E56: DECEMBER 1979 

RAM-I/0 9846-1 690 1650 SEWAR 80009 2.85 7.— E74; JUNE 1981 

SC/MP board 9846-2 2.60 6.— _ steam train 80019 1.90 4,50 Junior Computer 

interface board 81033-1 19.05 45,50 
£32: DECEMBER 1977 E57: JANUARY 1980 =12V supply 81033-2 145 3.50 
formant (E25... E31): digital tuning scale adaptor board 81033-3130 3.— 
NGF exre! 9724-1 4.35 10.50 (two boards) 80021-1/2 7.05 17.— storage scope 81141 380 9,— 
anal aed e861 4a60 oi new bus board (E33) 80024 585 14.— scrambler 81142 2.25 5,50 
: a ; — talk fu 
vefunny (E66) spe 165 360 75/76: SUMMER CIRCUITS 1981 
£33: JANUARY 1978 ; continuity tester 81151 1.25 acer 
simple function generator 0463 «9.28.8, ESPLFEBRUARY 1060, ties. ago speed-controlier 81806 1.75 4 
formant (E25... £32): elektor vocoder, i loudspeaker peak 

ADSR 9726-1 4.20 10.— Bac eeatd aire 0068-1 indicator 81515 1.50 3.50 
UAA 180 LED voltmeter bus board 2 80068-2 9.90 23.50 random number generator 81523 2.40 6.— 

(two boards) 9817 2.70 6.50 filter board 200883 «345g COC’ siren 81525 1.95 4.50 
experimenting with the input/output board —-80068-4. «3.20 © 7.50 _—crvstal. tuning fork SISO OE ea ae 

SC/MP (E31, E32): supply ecard 500688 288 _Chumidity sensor 81567 1.60 4— 

bus board (E57) 9857 4— 9.50 : : hi-fi preamplifier 81570 4.35 ~—-10.50 

memory card 9863 1260 30— E59; MARCH 1980 input buffers for the 
aa logic analyser 81677) (2— raed 
E34: FEBRUARY 978 chorosynth 80060 22.1583. iy 5 
formant (E25... £33): ; 

DUAL-VCA 9726-1 4.35 1050 creuecomeney ia A 70438 140 280 £77: SEPTEMBER 1981 
experimenting with the TOF IGRI ; : TV games computer 

Sc/MP (E31... E33): Cou allio) 80084 = 3.90 9.50 "extension board 81143 19— 45.— 

HEX-1/O 9893 18.20 43.50 disco light controller 81155 3.20 7:50 

DFM + DVM 81166 4.25 10.— 
E35: MARCH 1978 E61; MAY 1980 revolution counter 81171 490 11.60 
formant (E25... £34): BASIC cassette interface 80050 5.60 13.50 digital barometer 81173 3.50 8.50 

LFO module 9727-1 450 11.—  PWMamplifier 80085 150 3.50 

noise module 9728-1 4.— 9.50 Junior computer: E78: OCTOBER 1981 
4k RAM card 9885 1470 35.— main board 80089-1 12.60 30,— _RF-test generator 81150 1.60 3.80 
SC/MP power supply 9906 4,05 9.50 display board 80089-2 1.30 3.— economical fridge 

supply board g00s9-3 37. defroster 81158 1.80 435 
E96: APRIL 1978. EPROM programmer 81594 1.45 3.50 
formant (E25,.. : é wide range dark room 

COM 9729.1 960 faawor aera nec aito, timer 82004 2.25 «5.60 
elektornado 9874 8.50 Q 2.50 shutter speed meter 82005 3.75 9.— 
cassette interface 9905 hres £63/64; SUMME LCD panel meter 82011 1.65 4— 

See Te RCS 1380 go ago universal LED display 82015, 160 4.— 
£38: JUNE 1978 PROM programmer 80556 385 98 
mini-counter 9927 3.15 7.50 E . £79: NOVEMBER 1981 
teletext 
£39/40: SUMMER CIRCUITS 1978 E65: SEPTEMBER 1980 decoder board 82001-2 5.35 12.50 
touch dimmer 78065 1.30 3— 8K RAM+EPROMcard 80120 13.15 31.50 keyboard section 820013 3.15 7.50 
preconsonant 9954 2.25 55 sine-wave oscillator 82006 = 2.10 5.— 
E67: NOVEMBER 1980 telephone amplifier 82009 1.55 3.50 
E41; SEPTEMBER 1978 central heating pump power supply 9968-5A 1.40 3.50 
formant control 81019 2.55 6.— mini organ 82020 3.50 8.50 
24 dB VCF 9953-1 4.10 10— __ fridge alarm 81024 1.45 3.50 _ metal detector 82021 565 13,50 


eps 
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LCD frequency counter 82026 2— 5.— synthesiser power supply 
high boost 82029 1.85 4.50 bus board 
DNR noise reduction 
E80; DECEMBER 1981 lead acid charger 
70cm transverter (Oct.) 80133 12.50 30.— 
teletext E84; APRIL 1982 
receiver board 82001-1410 10.— dynamic RAM card 
video control board 82001-4 4,25 10,— 100 W amplifier 
VHF-UHF converter 100 W power supply 
board 9864 1.75 4— 2114 RAM tester 
IPROM 82019 1,65 4— connection tester 
synthesiser VCO 82027 4.40 10.50 mini EPROM card 
flashing light 82038 1.60 4— TV sound interface 
capacitance meter 
module 82040 2— 5.— E85: MAY 1982 
6502 housekeeper 
E81: JANUARY 1982 main board 
EPROM programmer 82010 465 iW display board 
160 MHz frequency elektor artist 
counter 82028 3— — 280-A CPU card 
synthesiser VCF + VCA = 82031 4,25 10.— poly formant: 
frequency multiplier 82041 2.05 5— debounce unit 
input unit 
£82: FEBRUARY 1982 ‘tune shift 
synthesiser ADSR 82032 4.20 10,.— prop-tachometer 
synthesiser LFO 82033 3.90 9.50 
10 W/70 cm amplifier 82043 2.50 6.— E86: JUNE 1982 
teletext power supply 82065 1.55 3,50 the ‘Poly bus’ 
talking board interface 82068 1.60 4a talking clock 
darkroom thermostat 82069 2— 5— compact shortwave 
universal NiCad charger 82070 2.05 5.— SSB receiver 
fluorescent tube dimmer 
E83; MARCH 1982 solid state relay 
wind sound generator 82066 1.60 4— electronic dog whistle 
automatic squelch 82077 1,90 4.50 electronic fluorescent 
synthesiser COM 9729-1 4— 9.50 light starter 
front panels for Formant (E25 ., , £36) simple function 
interface 9721-F 1.60 4— generator (E33, E38) 
vco 9723-F 1,60 4— i 
VCF 9724-F 160 ae Elektor Artist (E85) 
ADSR 9725-F 1.60 
DUAL-VCA 9726-F 1.60 
LFOs 9727-F 1.60 
NOISE 9728-F 1.60 . 
COM 9729-F 1.60 4— 


Complete set of 11 panels (includes 3 x VCO and 
2x ADSR): £ 15,80 or $ 37.50 


24 dB VCF (E41) 9953-F 1.60 4— 
resonance filter 
module (E42) 9951-F 1.60 4— 


82078 3.70 a— 
82079 3.35 8— 
82080 2.85 Y aged 
82081 1.95 4.50 
82017 4,90 11.50 
82089-1 2.60 6— 
82089-2 2.40 5,50 
82090 1.90 4.50 
82092 1.55 3.50 
82093 1.65 4.50 
82094 1,90 4,50 
81170-1 4.05 9.50 
81170-2 3.05 7.50 
82014 10.05 24.— 
82105 7.05 17,.— 
82106 2.45 6— 
82107 465 11.— 
82108 2.75 6.50 
82116 2.10 5.— 
82110 3.35 8.— 
82121 3.15 7.50 
82122 5.— 12,.— 
82128 1.60 4.— 
82131 1.55 3.50 
82133 1,50 3,50 
82138 1.35 3— 
9453-F 2.50 6.— 
82014F 1.70 4— 


ess software service 


45 RPM records with uP programs 


singing SC/MP: well- 
known Christmas 


melodies, both as ESS002 140 3.50 
SC/MP program and 

‘live! 

NIBL-E ESS004 140 3.50 
for SC/MP: Luna, 

battleships, keyplay, ESS005 2.20 5.50 


runtext, biorhythm 
tracer, disassembler 


ORDERING INFORMATION Payment must be in advance. 


1. For UK and all countries except the USA: payment, incl. £ 0.50 postage and packing direct to Elektor Publishers Ltd., or via bank transfer 


to The Midland Bank Ltd., Canterbury, A/C no. 11014587, sorting code 40-16-11. 


2. For the USA only: Please make your cheque/money order payable to Elektor Publishers Ltd., Bank of America, c/o File No. 1504, 
1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prices include Post & packing, surface mail. If air mail,-please add $ 1.50. 


E87/88: SUMMER CIRCUITS 1982 
poly formant: 


output unit 82111 4.70 11.— 

D/A converter 82112 1.90 4.50 
stereo power amplifier 82527 1.60 4— 
light-sensitive switch 82528 1.60 4— 
tape playback preamp 82539 1.60 4— 
sound effects generator 82543 2.40 5.50 
slave flash 82549 1.45 3.50 
5 V power supply 82570 2.20 5.— 
E89: SEPTEMBER 1982 
rugby MSF receiver 80524 5.80 15.— 
darkroom computer part | 

keyboard 82141-1 3.75 9— 

keyboard interface 82141-2 2.— 5.— 

display 82141-3° 2,25 5.50 
gas detector 82146 1,60 4 
house telephone system: 

main board 82147-1 3,.— Yet 

Power supply 82147-2150 3.50 
three phase tester 82577 2.70 6.50 
TV games: 

‘rapid loader’ 82558-1 3.45 3— 

EPROM plug-in board 82558-2  1.95 4.50 | 
NEW 
£90: OCTOBER 1982 
darkroom computer part I! 

light meter 82142-1 1.75 4.— 

temperature meter 82142-2 1.60 4 

Process timer 821423 2,— 5.— 
active antenna: 

R.F. board 82144-1 1,55 3.50 

power supply 82144-2 1,55 3.50 
digital thermometer 82156 2.15 5.— 
wave shifter for SSB: 

low frequency converter 82161-1 2.05 5.— 

high frequency converter 82161-2 2.30 5,50 


cassette with 1P programs 


\ Ess 007 


HP TV games: 

15 programs: jackpot, 
reversie, amazone, 
code breaker, etc. 


10.50 


uP TV games: 
15 programs: invaders, 

fishing, maze adventure, ¢ &SS 009 
memory, pontoon, nim, 

etc, 


NEW up TV games 


15 programs: aliens, 
flipper, helicopter, pilot, ESS 010 
basketball, hangman etc. 


12.50 
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advertisement 


Classified ads 


1, Advertisements are accepted 
subject to the conditions appearing 
on our current rate card and on the 
express understanding that the 
Advertiser warrants that the advert- 
isement does not contravene any 
Act of Parliament nor is it an in- 
fringement of the British Code of 
Advertising Practice. 


2. The Publishers reserve the right 
to refuse or withdraw any advert- 
isement. 


3. Although every care is taken, 
the Publishers shall not be liable for 
clerical or printer's errors or their 
consequences. 


ELEKTOR issues 1 to 89 for sale, 
MR. F. MOLES, 

14 CULLEN CLOSE, YATELEY, 
CAMBERLEY, SURREY GU17 7HB. 


ELEKTOR back issues 1 to 45, in binders. 
Offers invited. HOWARTH, 20 MILTON 
CLOSE, LIVERSEDGE, W. YORKSHIRE. 
Tel, HECKMONDWIKE 408863 


VINTAGE RADIOS. Over 200 vintage 
radios always in stock, vintage televisions, 
amplifiers, etc. Service sheets, Open every 
day, phone anytime. 

THE CLOCK SHOP, 78 THE BAYLE, 
FOLKESTONE, KENT CT20 1SJ. 

Tel, FOLKESTONE (0303) 54233. 


ELEKTERMINAL, Elektor December 1978. 
Built and working, £ 38. 
Tel, HATFIELD (07072) 73240. 


PARAPHYSICS JOURNAL (Russian trans- 
lations): Psychotronic Generators, Kirliano- 
graphy, gravity lasers, Telekinesis. Details: 
S.A.E. 4x9" to PARALAB, DOWNTON, 
WILTS. 


PRINTED CIRCUITS. Make your own 
simply, cheaply and quickly, Golden Fotolak 
Light Sensitive Lacquer — now greatly im- 
proved and very much faster. Aerosol cans 
with full instructions £ 2.25. Developer 35 p. 
Ferric Chloride 55 p. Clear Acetate sheet for 
master 14p. Copper-clad Fibreglass Board 
approx. 1mm thick £1.75 sq. ft. Post & 
packing 60 p. 

WHITE HOUSE ELECTRONICS, 

P.O. BOX 19, 

PENZANCE, CORNWALL. 


— 
MAKE YOUR OWN PRINTED CIRCUITS 


Etch Rosist Transfers — Starter pack (5 sheets, lines, pads, 
.C, pads) £2.10. Large range of single sheets in stock at 
45p per sheet. 

Master Positive Transparencies from P.C, layouts in maga- 
zines by simple photographic process. 2 sheets negative! 
paper, 2 sheets positive film (A4) £2.10. Photo-resist 
spray (200 ml) £3.50 (p+ p 65p). Drafting Film (A4) 25p. 
Precision Grids (A4) 65p. 

22p stamp for lists and information. P&P 50p per order 
except where indicated. 


P.K.G. ELECTRONICS 


CONDITIONS OF ACCEPTANCE OF CLASSIFIED ADVERTISEMENTS 


OAK LODGE, TANSLEY, DERBYSHIRE. 


| 


——— EE 


4, The Advertiser's full name and 


address must accompany each 
advertisement submitted. 
The prepaid rate for Classified 


Advertisements is 20 pence per 
word (minimum 12 words). Semi- 
display setting £5.50 per single 
column centimetre (minimum 2.5 
cms.). All cheques, postal orders, 
etc. to be made payable to 
Elektor Publishers Ltd. Treasury 
notes should always be sent by 
registered post. Advertisements, 
together with remittance, should be 
sent to the Classified Advertisement 
Manager, Elektor Publishers Ltd., 
10 Longport, Canterbury, Kent 
CThUa1Pes 


THE SCIENTIFIC WIRE COMPANY 
PO Box 30, London, E.4. 01-531 1568. 
ENAMELLED COPPER WIRE 


SWG 1Ib 80z 402 20z 

8 to 34 3.30 1,90 1,00 0,80 
35 to 39 3.52 2,10 1,15 0.85 
40 to 43 487 265 2.05 1,46 
44 to 47 8.37 5.32 3.19 2.50 
481049 15.96 9.58 6.38 3.69 


SILVER PLATED COPPER WIRE 


14t0o30 663 386 2,28 1,50 
TINNED COPPER WIRE 
141030 3,97 2.41 1.39 0,94 


10x 10 Mtrreels 3 amp PVC cable mixed colours £5.00 

Prices include P&P, VAT, Orders under £2 add 20p, 
SAE for list of copper and resistance Wire. 

Dealer enquiries welcome, 


advertisers __ 
index 


Ambit International ... 10-09/10-59 
Bradley Marshall Ltd. .. 10-10/10-11 
Breadboard 82........-55 10-12 
Cricklewood 

Electronics Ltd. ..... 10-60/10-61 


Gemini Electronic Components 10-08 


Maplin: oectcese asta aie issitee 10-68 
DR&JG Taylor.......... 10-08 
Technomatic Ltd...... 10-02/10-07 
The Scientific Wire Company . 10-66 
TK Electronics........... 10-63 


INTRODUCTORY 
SUBSCRIBTION 
OFFER 


Two Issues for £1.00 


Two Issues for £ 1.00 


For the last two months of 
1982, we are offering the 
November and December issues 
of Elektor at a special rate of 
£1.00. 


If you would like to take advan- 
tage of our introductory subs- 
cription offer, please complete 
the order card in the back of 
this issue and return it to us 
with your payment of £1.00, 
on receipt of which, you will 
automatically receive our maga- 
zine for these months. 


Note: 
The order plus payment must 
be posted on or before 15th 
October 1982 (from UK) or 
1st November 1982 (abroad). 


classified ads 


sc/mputer a) 


build your own 
(SX micranrosessor system 


the eed introduction 
A watecton of soma 
most inecrestng cod to a powerful system 
frojeets mi volime f 
‘Of ELEKTOR: manag 


Bra 


eg 


Raving thghnk 


300. 
circuits 


JUNIOR COMPUTER BOOK 1 — for anyone wishing to become 
familiar with (micro)computers, this book gives the opportunity to build and 
program a personal computer at a very reasonable cost. 

Price — UK wee ees £5.00 Overseas... eee eas £5.25 


JUNIOR COMPUTER BOOK 2 -— follows in a logical continuation 
of Book 1, and contains a detailed appraisal of the software. Three major pro- 
gramming tools, the monitor, an assembler and an editor, are discussed to- 
gether with practical proposals for input and peripherals. 

Price UK acces Ho ioe oe £6.25 Overseas... . esse eee £5.50 


JUNIOR COMPUTER BOOK 3 - the next, transforming the basic, 


single-board Junior Computer into a complete personal computer system. 
Price —UK ww cee eae £5'25 “OVErseaS inca. 8 ee ae £5.50 


BOOK 4 £5.25/£5.50 


300 CIRCUITS for the home constructor — 300 projects ranging from 
the basic to the very sophisticated. 
Price —UK cise ae £4.25 Overseas... ee ee £4.50 


DIGIBOOK — provides a simple step-by-step introduction to the basic 
theory and application of digital electronics and gives clear explanations of 
the fundamentals of digital circuitry, backed up by experiments designed to 
reinforce this newly acquired knowledge. Supplied with an experimenter’s 
PCB. 

Pric@—UK wc eee £5.50 Overseas... .. 0 -e neue £5.75 


FORMANT — complete constructional details of the Elektor Formant 
Synthesiser — comes with a FREE cassette of sounds that the Formant is 
capable of producing together with advice on how to achieve them. 

Price—UK woe eee ee £5.25 Overseas. ... 0... 2 eee £5.50 


practical introduction SC/MPUTER (1) — describes how to build and operate your own 
to a powerful system microprocessor system — the first book of a series — further books will 


show how the system may be extended to meet various requirements. 
Price —UK ow cee £4.45 Overseas........... £4.70 


SC/MPUTER (2) — the second book in series. An updated ver- 
sion of the monitor program (Elbug I!) is introduced together with a 
number of expansion possibilities. By adding the Elekterminal to the 
system described in Book 1 the microcomputer becomes even more 
versatile. 

; Price —-UK 2... cea £4.75 Overseas... .. sens £5.00 


BOOK 75 — a selection of some of the most interesting and popular 
construction projects that were originally published in Elektor issues 1 
to 8, 

Price -UK ........, £4.25 Overseas........... £4.50 


TV GAMES COMPUTER this book, provides a dif- 
ferent — and, in many ways, easier — approach to micro- 
processors. The TV games computer is dedicated to one 
specific task, as the name suggests. This provides an almost 
unique opportunity to have fun while learning! 

Price -UK ...... £5.50 Overseas....... £5.75 


When ordering please use the Elektor Reader’s Order Card 
in this issue (the above prices include p. & p.) 


A | 


ELEKTOR 


it with MApLIN 


KEYBOARD KIT WITH ELECTRONICS FOR ZX81 

* A full size, full travel 43-key keyboard that's simple to add to your ZX81 (ng soldering in 2X81). 

* Complete with the electronics to make “Shift Lock”, ‘Function and “Graphics 2’ single key selections making entry far easier. 
* Powered from ZX81's own standard power supply ~ with special adaptor supplied. 

* Two-colour print for key caps. 

* Amazing low price. 

Full details in our projects book. Price 60p. Order As XAO3D. 

Complete kit for only £19.95 incl. VAT and carriage. Order As LW72P. 


8 On om rer ors 99 ors on em 
00 88 CE 1 08 OR te ee 
6 9 0 ce 


25W STEREO MOSFET AMPLIFIER 


A superb new amplifier at a remarki 


ably low price. 


HOME SECURITY SYSTEM 
: Six independent channels ~2 or 4 wire 
operation. External horn, High degree 
of protection and long term reliability. 
Full details in our projects book. 
Price 60p. 
Order As XA02C. 


POO 
% Over 26W per chan 
%* Frequency response 
* Low distortion, low 
Pathe erything fits on main peb, 


to build. Almost ev! i 

= Eran aig to just 7 wires (plus toroidal transformer 

nd mains lead terminations). ace 

* Conglete kit contains everything you Ud hice pre 
drilled and printed chassis and wooden cabinet. 


ils i i \k. Price 6Op. 
II details in our projects boo! ; 
is t for only £49.95 incl. VAT and carriage. 


el into 892 at 1kHz both channels driven. 


20Hz to 40kHz * 148. 
noise and high reliability power MOSFET 


Order As XAO3D 
Order As LW71N 


He 
Pa Maplin launches PA tog IE He 


new way of buying from Maplin! 


Now Maplin have thei 
their own it 
* You could have one too! eae eat 


Me wg, APPLY Wow 
Write to 


our Raylei ress for S OF pick up a leafle! our shops 
‘ayleigh address deta pick up flet hi 


Complete ki 


MAPLIN’S FANTASTIC PROJECTS 

Full details in our project books only 60p each. 

In Book 1 (XAO1B) 120W rms MOSFET Combo-Amplifier - Universal Timer with 18 
program times and 4 outputs - Temperature Gauge « Six Vero Projects 


ek * 
In Book 2 (XAO2C) Home Security System - Train Controller for 14 trains on one circuit « * * * cd * * * we We He * 


cg 


Stopwatch with multiple modes - Miles-per-Gallon Meter 
In Book 3 (XA03D) 2X81 Keyboard with electronics » Stereo 25W MOSFET Amplifier « NEW SHOP IN BIRMINGHAM _ .-... 
Visit our brand new shop in Birmingham for our 


Doppler Radar Intruder Detector » Remote Control for Train Controller re felactrard Gand 
In Book 4 (XAO4E)* Telephone Exchange expandable up to 32 extensions « Ultrasonic SO ee en 


Intruder Detector: Frequency Counter 100Hz to SOOMHz « Remote Control for 25W Stereo pal al 
Amplifier Come and see us at Lynton Square, Perry 


“Projects for book 4 were in an advanced state at the time of writing, but contents may change priar to ri a Fan ea Aaa ae elite 


pabicetion ie) (40h Aug 1802, 34), Tel: 021-356-7292, Excellent free 
MORE GREAT KITS FROM MAPLIN parking. 


Matinée Organ (see box above) Opening Tuesday 24th August, 1982 
Spectrum Synthesiser, Full details in book XHS56L. Price £1.00 


peti ested } Full details in book XF11M. Price £2.00 

150W Power Amp Kit LW32K. Price £17.95* 

75W MOSFET Power Amp Kit LW51F. Price £11.49* 

SOW Power Amp Kit LW350. Price £14.95* 

15W Power Amp Kit Y043W. Price £6.45* 

8W Power Amp Kit LW36P. Price £4.45* 

“Construction details with kit. (Power supply not included ~ details with kit). 


Don't miss out-get a copy of our catalogue now! 
Over 140,000 copies sold already! 


On sale now in all branches of WHSMITH price £1 
320 big pages packed with data and pictures of over 5,500 items. 


| Post this coupon now! 
‘| Please send me a copy of your 320 page catalogue. | enclose £1.25 (inc. 25p p&p). If 


[ | am not completely satisfied | may return the catalogue to you and have my money i 
refunded. 

N | (AN » I ) Senco , - If you live outside the U.K. send £1.68 or 12 International Reply Coupons. - 
All mail to: | | 
P.O. Box 3, Rayleigh, Essex SS6 8LR Name _ + 

Tel: Sales (0702) 552911 General (0702) 554155 U i 
Shops at []__ Aitiess = -—— f 
159 King St., Hammersmith, London W6. Tel: 01-748 0926 

284 London Rd., Westcliff-on-Sea, Essex. Tel: (0702) 554000 | ee oe eed | 
Lynton Square, Perry Barr, Birmingham. Tel: (021) 356 7292 ll E1082 
Note: Shops closed Mondays ee ee ee ee ee ee 


